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Chapter  7. 

| 

IVnTIIG  THE  FOB  RATIO!  OF  BIPLOSIVB  RIITOBBS  OF  FOIL  BITH 
0IT6BI  IB  TBCIBO LOGICAL  PBOCBSSBS. 


1.  Desensitization  of  explosive  aixtures. 

Conso a/genera 1/total  principles.  Iq  present  chapter  are 
exaaiqed  nose  probless  of  the  safegaard  far  ez  plosion- proof 
nature  of  technological  processes  shich  are  solved  on  the 
basis  of  the  first  the  principle  of  safety,  for  the 
si zt ares  of  fuel,  oxygen  and  inert  coapoaeata.  such 
practically  is port a at  net hods  as  safeguard  for  tight  asss,  the 
correct  organisation  of  industrial  cosditiosa/sode,  shich 
aahes  iapossible  the  disturbasca/breakdosn  of  the  norsal 
■otios  of  gas  floss  sad  so  forth,  froa  oar  point,  are 

* 
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trivial.  The  exaaiaatioa  of  the  aetkods  of  the  safeguard 
for  a rplooi oa- proof  character*  vkiek  ara  tko  organisation  of 
tka  adaiaistration  of  prodaction*  doaa  aot  aatar  in  oar 
probleas. 

*•  *111  ba  caatrictad  (for  tka  firat  principle  of 
aafetj)  to  aack  processes  for  vhick  special  Bet hods  aaka  it 
passible  to  aaka  kaoeiaglj  aafa  of  tka  aiztara  of 
coapoqents*  capable  of  foraing  explosive  systeas.  Hare  ara 
aaad  tka  following  net hods:  1)  the  application/ase  of 
retarding  addition;  2)  the  safeguard  for  sufficient  excess 
of  oae  of  the  coaponeats  of  reaction  3)  the  linitation  of 
tka  concentration  of  the  aissing  ccaponenty  oxidizer  or 
f*«l»  within  safe  liaits.  To  the  solution  of  such  problens, 
ia  related  also  the  developaent  of  the  aethods  of  the 
dosage  of  dangerous  coaponent  and  liaitation  of  its  content 
ik  gaseous  phase. 


Page  213. 

fhe  non-detonating  aixtures,  which  contain  fuel  and 
oxidiser*  caa  be  divided  on  three  categories*  depending  oa 

the  execution  of  the  Halt  a tinea*  applied  ee  their 

coapositioa:  1)  lean  aixturae*  far  2) 
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rich  aixtur*s#  ">»■»(«<*«,.);,  3)  the  aixtures#  retarded 

by  inert  coafMMit,  />/  . elthoogh  the  utilisation  of 

ni  stores,  which  relate  to  the  third  category  (here  they  are 

related  and  the  aiztare  of  explosive  endotheraic  coapoands 
with  the  inert  additions) # as  a role,  it  is  the  aost 

sellable  aethod  of  the  safegaard  for  ex plosion- proof 
character*  this  aethod  aot  always  proves  to  be  that  which 

is  applied,  the  dilation  of  the  pcocessed  gases  by  a large 

guantity  of  inert  eoaponents  is  asaally  undesirable.  It 

retards  the  reactions,  which  are  con d acted  daring 

technological  process#  i a pedes  the  achieveaent  of  the 
coapleteness  of  traasforaation  or  absorption  of  the  reacting 

gas#  etc.  Partheraore#  very  consaaption  of  inert  eoaponents 
aakes  the  ecoaoaic  indices  of  process  worse. 

Is  sufficiently  widely  used  aethod  safegaard  for 
explosion- proof  character#  based  on  the  aaiatenaace  of 
concentration  coabustible  less  lower  concentration  linit. 

Do  v ever#  this  aethod  is  realised  in  essence  only  in  the 
process  of  the  inspection  of  the  peraissible  content  of 

coabastible  in  the  atnosphere  industrial  roon  in  connection 
with  leaks  froa  apparatuses  and  gas  lines.  Considerably  aore 
rarely  practices  the  liaitation  of  the  concentration  of  fael 
in  the  processed  aixtare  by  the  value  of  the  lover  Unit 


of  o*plod ability.  Thus,  for  instance  is  conducted  the 
process  of  the  catalytic  oxidation  of  ethylene  to  oxido  of 
othylone  [173] 


POOTVOTB  I.  The  oxidation  richer  sixtures  of  ethylene  is 
coaplicatod  also  by  tbo  deficiency  of  heat  sithdrasal  froa 
the  reaction  none,  sbich  leads  to  its  progressive  ncn*ip» 
There  are  iadicatioas  of  the  possibility  of  overcoaiag  this 
difficulty  by  conducting  the  reaction  in  fluidised  bed 
[17* ]^  EIDFOOT  ROT B. 


At  the  aajority  of  conbustible  gases  value  la  too 

los9  and  this  unavoidably  will  pronounce  on  the  productivity 
of  process.  Siailar  conditioas/aode  can  be  justified  only 
shea  valae  is  sufficiently  great  for  the  technological 

utilisation  of  loan  unburning  nixtures.  This*  for  exaaple, 
occurs  daring  tbo  catalytic  oxidation  of  aaaoaia  by  air  for 


POOTIOT1  ••  Vsually  are  processed  tho  alxturos,  shich 
contain  9.S-11.5o/o  Rl,.  IROTOOTROTB* 


For  the  safeguard  for  explosion- proof  character  auch 
•ore  frequently  is  used  the  aethod  of  the 
proeessiag/treataeat  of  the  rich  aiatures  of  fuel  a ad 
oxidiaer*  i.e*i  aixtures  vith  a < 1-*  This  aethod 

opea/d iscl oses  the  aore  great  possibilities  of  the  rational 
adainistratioa  of  technological  process.  For  its  explanation 
aad  a basis*  ve  exaaiae  in  aore  detail  the  principles  of 
retardation  of  explosive  aixtures. 


fheraal  desensitization.  The  deseqsitizatioa  of  burning 
by  different  additions  is  known  long'.  If  ve  are  restricted 
to  the  exaaination  of  the  class  of  the  thernal  stabilisers, 
which  lover  coabustion  teaperature*  then  this  class  one 
should  in  turn*  divide  into  two  groups  - inert  coaponents 
(CO**  H,0*  I*)  and  the  addition  of  the  conplex  coabustible 
substances*  which  flegaatize  the  burning  of  rich  aixtures. 


Page  214. 


Inert  additions  retard  burning*  receiving  the  part  of  the 
thernal  effect  of  reaction  with  coabustioas  however  of  thee 
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■or*  coapl«x  nature  has  act ion/* f £*ct  th*  addition 
organic  fuel  stabilizers  in  th*  fla**s  of  rich  explosive 
■irtar**  and  d*c os posing  *ndoth*raic  conpounds.  Like  purely 
in*rt  additions*  they  do  not  have  specific  chenical  effect 
os  reaction  kinetics  in  flans*  hut  only  they  loser 
conbustion  ten per at ur*.  However*  sach  additions  flegaatise 
horning  nach  sore  active  than  inert  conpoaents.  This  is 
ceased  not  only  (and  even  not  so  nach)  by  their  greater 
heat  capacity  which  really  strongly  grov/increases  with  the 
coaplication  of  aolecule*  as  by  capability  of  these 
substances  for  endotheraal  transf or nations  at  high 
tesperatares  (for  exaaple*  see  (52))*  Therefore  the  coupler 
conpoends*  which  deco n pose  in  flaae*  are  capable  of 
flegaatising  burning  narrower  in  considerably  saaller 
concentrations*  than  inert  additions. 


The  obvious  case  of  the  actloa/effect  of  additions  is 
tl|*  desensitisation  of  the  blasting  decoapqsition  of 
li  acetylene. . Hydrogen*  nitrogen  and  carbon  nonoxide  noticeably 

raise  th*  critical  pressure  of  blasting  deconposition  only 

with  the  contents  of  th*  sun*  order  as  as  acetylene 
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itself.  tk«  addition  of  8.to/o  butane  increases  critical 
pressure  alaost  doable  [175]. 

(be  nost  active  stabilizer  of  the  significant  part  of 
tbe  technological  processes  proves  to  be  excess  fuel  itself. 
I The  utilisation  of  excess  fuel  for  desensitixation  no re over 

so st  is  sinple  aetkodically  and  it  is  justified  in  the 
relation  to  the  reguirenents  for  tbe  technology:  there  is 
no  need  for  for  introduction  into  the  reaction  aediua  of 
alien  products.  So  appears  the  popular  aetbod  of  the 
safegeard  for  ex plosion- proof  character  by  aeans  of 

processiag/treataeat  of  fuel-rich  ni stores.  The  ainiaua 
concentration  of  the  excess  of  fuel,  necessary  for  providing 
for  safety,  can  be  evaluated  by  the  standardised  aethod 
taking  into  account  the  sunaary  oxygen  balance  of  systea  as 
a whole,  i.e.,  taking  into  account  the  contents  of  all 
being  present  fuels  and  oxidizers. 

i 

However,  in  certain  cases  the  use  of  excess  fuel 
proves  to  be  in  possible  or  barely  effective,  la  this  case, 
new  and  then  appear  the  facts,  which  sake  worthwhile  the 

safegeard  for  ex plosion- proof  character  by  the  dilution  of 

the  processed  aixture  containing  oxygen  by  the  coebustible 

cospaaeat*  which  does  not  participate  in  aain  reaction 
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V (176  ]»  For  tills  purpose  most  advisable  are  additions  of 

hydrocarbons.  Subsequently  this  idea  is  developed  in  note 

detail. 

Zn  many  technological  processes  appears  the  need  for  an 

increase  in  peraissible  safe  oxygen  concentration,  atilised 
as  osidiser.  This  vill  sake  it  possible  to  considerably 
intensify  the  oxidation  process  of  initial  prodact. 
repeatedly  it  is  proposed  to  find  tbe  possibilities  of  an 
increase  in  the  oxygen  content  in  the  converted  mixture, 
conpea sating  for  this  approach/approxiaation  of  coaposition  to 

the  Units  of  explodability  by  an  increase  in  the  content 
of  inert  stabilisers. 

Page  215. 

First  of  all  there  is  in  fora  utilisation  of  additions  of 
vater  vapor  vhich,  being  condensed,  easily  it  is  reaoved  at 

the  subsegaent  stages  of  technological  process. 

The  detailed  investigation  of  regularities  for  the 
Halts  of  the  explodability  of  different  triple  and  no  re 
oe spies  si stares  (feel  - oxygen  - inert  coapoaeat)  shoes 
that  this  set hod  is  largely  inapplicable  and  the  additions 
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of  inert  coaponent  ineffective.  The  critical  value  of  the 
excess  ox id a at  ratio,  as  a rule,  begins  noticeably  to 
grow/ increase  only  eith  the  content  of  inert  coaponent  in 
mixture  nore  than  40o/o.  The  absolute  value  of  critical 
oxygen  concentration  oith  an  increase  in  the  content  of 
iaert  coaponent  for  soae  fuels  reaaiqs  invariable,  nore 
frequent  aonotonically  it  is  lover ed.  Subsequently  this  vill 
be  illustrated  in  the  eaaaples  of  several  concrete  systeas. 

The  applicatioa/use  of  inert  diluents  for  uhe 
desensitisation  of  technological  nixtures  caa  prove  to  be 
vorthvhile  only  in  soae  special  cases,  excess  fuel  it 
alaost  aluays  exerts  the  stronger  guenching  action/effect, 
than  inert  coaponent. 

Dec  on  position  of  excess  fuel  in  the  rich-aixture  f lanes 

of  explodability.  soae  researchers  incorrectly  are  considered 

or  nest  evaluate  this  fact.  So,  A.  leaeth  [177],  that 

aeasured  the  liaits  of  the  explodahility  of  the  rich  binary 
nixtures  of  a series  of  hydrocarbons  uith  oxygen  and  their 
dependence  on  pressure  *,  calculates  the  conbustion 
te ape rat ores  of  saturated  aixtares,  assuaing  that  the  part 
of  the  feel  coapletely  reacts  uith  all  available  oxygen, 
and  excess  fael  reaaias  invariable. 
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FOOCIOTZ  », . Let  as  note  that  all  the  its  values  ^ with 

1 at  are  strong ly  understated.  BMDPQOTIOTZ. 

Coapeted  ander  this  assasption  valaes  T>up  alth  1 at  reach 
at  aethaae  3450°  K,  between  a siailar  cosbostiaa  ten  pern tare 
does  not  have  even  stoichiosetric  six tare  CH4  ♦ 20 *• 

Application/use  of  inhibitors.  Chenically  active  additions 
nsrroser  in  the  concentrations  of  order  lo/o  can  exert  the 
even  greeter  gee  aching  infloe  nee  and  narrov  the  Units  of 

explodability,  than  excess  fael.  This  is  observed,  for 

exasple,  with  addition  to  the  air  aixtares  of  hydrocarbons, 
hydrogen,  carbon  aonoxide,  halide-containing  products:  CHtciBr, 
CH,Br  [178],  and  also  CC14  and  Clt  [179,  180]. 

The  nechanisa  of  the  effect  of  cheaically  active 
stabilisers  on  burning  consists  in  the  break  of  the 
reaction  chains  of  the  basic  oxidation  process  of  fuel. 
Inhibitors  cos pete  sith  the  oxidised  cospopeats  in  reaction 
vith  the  active  centers  of  chain  reactions  As  a result 
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higher  than  in  ocoabustible,  chaaical  affinity  for  tha 
active  iataraadiata  raactioa  products  of  the  oxidation  of 
the  aolacnla  of  inhibitor  or  products  of  its  decos  position 
energetically  thay  raact  vith  active  centers,  converting  than 
iato  stable  coapoonds  and  ceasing  tha  davalopaant  of 
reaction  chain.  Therefore  the  additions  of  inhibitor 
noticeably  lover  the  concentration  of  active  centers. 

Page  218. 

So,  haloids  and  aloid  derivative  actively  react  vith  atonic 
hydrogen,  as  vhich  takes  part  ia  the  najority  of  chain 
oxidation  processes. 

lovever,  app licet ion/use  chenically  active  addition  can 
have  only  the  United  interest  for  the  safeguard  for 
explosion* proof  character  in  the  cheaical  technology,  cannot 
be  osed  then  for  the  eolation  of  basic  interesting  ns 
probles  - the  transforsation  of  the  processed  in 
technological  processes  nixtnres  iato  anbnralng.  it  is 
obvioes  that  the  high  cheaical  activity  of  seeh  substances 
vi  11  aake  inpossible  their  introduction  iato  the  reacting 
aedina  daring  noraal  node,  not  to  aeatloa  their  high 
cost/valne. 


1 

-J 
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ttortfoca  the  basic  application/ass  of  chenically  active 
stabilisers  is  limited  to  their  utilizatiop  is  safety 
devices.  Ia  the  eaergeacj  cases  these  prodacts  rapidly  are 
iatrodeced  ia  large  gaantities  into  cosbaetioa  zone  or  in 
the  dangeroasly  ezplosive  aediua  which  in  this  case  fast 
eaoagh  is  converted  into  suborning.  Such  utilization 
different  haloid  derivative  in  fire-eztingulshiagiag 
coapositions  [ 181-183 ]. 

The  specific  actioa/effect  of  those  inhibiting  addition 
is  liaited.  are  aost  effective  the  derivatives  of  saturated 
hydrocarbons  whose  large  part  of  the  atoas  of  hydrogen  is 
substituted  by  the  atoas  of  haloids.  Haloid  derivative  of 
organic  con pounds,  capable  of  being  ozidized,  iapede  burning 


and  decrease 

the 

aoraal 

rate 

of  flaae,  apparently. 

only  for 

siztures  with 

the 

ezcess 

of 

fuel.  Che  addition  of 

such 

products  to  lean  siztures  can  increase  tribe's  rate  as  a 
result  of  aa  increase  ia  this  case  ia  the  calorific  value 
of  aixture  [184,  185]. 

Broao  derivatives  are  the  such  sore  active  inhibitors 
ef  burning,  than  chlorine  derivatives  ones  [188].  Apparently, 
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tl|i«  is  ceased  by  tbs  fsct  that  tbs  solscsls  of  bydrogsn 

cblorids  is  very  strong/dorable  and  littls  capable  of 
dissociatios  in  flaas.  After  its  forsstlos  cblorins  a ton 
goes  oat  tbs  sphere  of  reaction  as  inhibitor*  hydrogen 

chloride  is  inert  prodact.  o alike  it*  hydrogen  broside 
easily  dissociates  and  reacts  with  oxygen.  Degenerated  atoaic 
broaiqe  can  again  eater  into  reaction  sith  atonic  hydrogen. 

The  products,  which  inhibit  horning,  frequently  are  osed 
is  the  so-called  set  hod  of  the  active  so  press!  on  of 

explosions  daring  esergency  nodes.  This  sethod  is  osed  for 

providing  for  safety  of  reservoirs  with  liquid  fuel,  for 

exaaple  the  foel  tanks  of  aircraft,  storages  of  petroleos 
prod acts  and  the  like,  when  above  the  sorface  of  liqaid 

there  is  a pad/coshion  of  explosive  steaa-air  nixtare. 

Daring  the  eaergeace  of  the  center  of  cosbostion,  the 

corresponding  sensor  (usually  pneoaatic  or  photoelectric) 
sopplies  signal  to  the  aotoaatic,  so-called  soppressive 
device. 

This  device  is  vessel  vith  the  fire-extiaguishi aging 
substance  vhich  can  rapidly  be  introduced  in  large 
quantities  into  the  protected  reservoir  sith  the  cosbustioa 
of  special  kaoek-oot  chuck.  The  sensor  signal  iaclades  the 
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Page  217* 

Pot  sisilar  fittings  is  given  out  i ssciss  of  patents,  are 
aost  co an on  the  instrosants  of  the  firs  "Greviaer*  [186] 


(see  also  [187]). 


However,  investigations  of  S.  Ta<.  Eg  lit  [188] 
establish/installed  that  quenching  of  flane  by  the  aethod  of 
active  suppression  of  explosion  virtually  is  not  bonded  with 
the  inhibition  of  burning  by  chenically  active  products. 
Quenching  bears  purely  thernal  character  and  can  successfully 
be  produced  by  water  cr  f leasable  liquid.  The  achievenent 
of  the  necessary  aininun  density  of  irrigation  and  rate  of 
the  throw-out  extinguishing  liquid  is  nain  factors  of  the 
successful  work  of  "suppressive"  device. 


'Che  analysis  of  the  regularities,  establish/installed  for 
liuits  of  the  explodability  of  sons  aulticonponent  aixtures, 
leads  to  the  conclusion  that  soaetiaes  the  desensitisation 
of  burning  one  of  excess  coapoaeats  proves  to  be  not 
purely  thernal.  Using  a standardised  systea,  it  is  possible 
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to  establish  that  the  action/effect  tha  addition  of  this 
coapoaent  bases  specific#  that  is  inherent  its  special 
cheaical  action/effect  on  the  process  of  burning#  although 
the  here  inhibiting  effect  not  as  sharply  pronounced  as  in 
haloid  derivative.  The  account  of  the  special 
feature/peculiarities  of  each  concrete  technological  process 
facilitates  the  construction  of  the  systes  of  the  safeguard 
for  its  explosion* proof  character. 


2 * flaxiaua  peraissible  oxygen  content  in  aixtures  uith  fuel. 


Meg alar it ies  for  the  cape  of  the  region  of 
explodability  [189].  The  safest  for  the  technological 
target/purposes  aixtures  of  fuel#  oxygen  and  inert  coapoaent 
uhose  cos posit ion  corresponds  to  sons#  vhich  is  found  nore 
to  the  right  of  the  cape  of  the  region  of  explodability 
oa  Pig.  87  (/  >/#,),  are  characterised  by  one  iaportaat 

special  f eater  a/peealiax it y.  Bxperiaeat  shoes  that  the  oxygen 
contest  la  any  explosive  aixture  of  the  indicated  coaponents 
usually  is  not  less  than  is  the  aixture#  vhich  corresponds 
to  cape,  hay  three- coapoaent  aixture  of  oxygon#  coabustlble 
sad  inert  coapoaent  is  aoaexplosive  sith  the  arbitrary 
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re la tioash ip/ratio  of  the  contents  of  two  latter , if  in 
this  aixture  [0,  ] < I,  where  Y - the  oxygen  content  of 

the  cape  of  explodability. 

Jt  is  noted  [135]  that  this  liaiting  concentration 

10  is  virtually  identical  for  the  najority  of  coahostible 
gases  and  vapors.  So,  if  we  coapose  coabostible  aiztures, 
asing  enriched  by  nitrogen  air,  then  for  Cl«,  CtB#,  CSH«, 
C«I|««  C|l||,  C«l|4i  C)H«,  C,a„  C|H„  (Clj)  »C0  this  vales 

will  be  within  the  liaits  of  11.  0-13.5o/o,  if  as  addition 
to  air  serves  carbon  dioxide,  value  I for  the  indicated 
fuels  will  increase  to  13.4~15.6o/o  abs.  (i.e.  by 
approxiaately  20o/o)  as  a result  of  the  greater  heat 
capacity  CO,*  For  the  aixtures  of  eadotheraic  coapounds  • 
ethylene  and  butadiene  - value  Y is  lower  than  for  the 
aajority  of  fuels,  in  especially  sharp  difference  is 
observed  for  hydrogen,  carbon  nonoxide  and  acetylene. 

i 

Page  218, 

The  constancy  of  value  Y of  the  different 

carboa-contaiaiag  fuel/propellants  is  the  result  of  those  who 
ware  exaaiaed  in  chapter  6,  pt.  6,  the  special 
featare/pecaliarities  of  the  barniag  sf  their  aixtures  of 


i 
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J lorn  concentration  liait.  Tha  regularities*  which  datacaina 

the  aaloa  of  oxygen  coacaatratioa  in  aatacatad  aixture,  can 
he  faaatitatively  azplainad  and  aaad  for  calculation  T of 
experiaeat  ally  aaatadiad  coakaatibla  ga sea,  aad  also  tka 
aatakliakaaat  of  tka  ckaractar  of  dapandaaca  of  I on 

pressure. 

II 

It  aaa  above  aotad  tkat  tka  loner  coacaat  ratio  n liait 
is  aot  ckangad  dariag  tka  partial  raplacaaaat  of  oaygaa  by 
nitrogen.  It  turns  out  tkat  this  cagularity  is  observed 
virtually  ap  to  tka  conpositioas,  skick  corraspoad  to  tka 

position  of  tka  capa  of  tha  ragion  of  axplodakility.  In 
this  casa , valua  I of  tka  aixtares,  flagaatisad  by 
nitrogen,  diffars  littla  froa  oaygaa  content,  aguivalant  to 
a gaaatity  fual  on  loaar  liait.  Tkis  aasaaptioa  aakas  it 
posaibla  to  f iad  coaputad  valaaa  of  y 

(Tl»| 

akava  v is  a stoichioaetric  coafficiaat  far  tka  raaction 

of  tka  soa  plat  a oxidation  of  fapl  by  oxyget.  kra 

.... 

coaparad  baloa  tha  calculatad  a (Y,)  aad  axpariaantal  (yj 
aaturatad  oxygan  contants  in  tha  coakaatibla  aixtucaat 
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FOOT  DOTS  *.  iccordiag  to  data  [135]  fat  ym 
act  kortowd  thara.  ■■ofootdoti. 


valuaa 


iaaat  coafiras  that  tha  diffaraaca  Y„  aad  Y,  fot 

all  lavas  ti  go  tad  faala  doaa  aot  asoaad  Ifyt  of  am  la*  T. 

Oood  accord  of  calcalatad  aad  aipadaaatal  values  is 
rataisad  also  whoa  value  T is  aach  lovar  than  usual,  for 

araapla  for  carboa  aonoxide.  it  is  obvioaa  that  tha 

raplacaaaat  of  areas*  oxygaa  by  iaart  cospoaaat  is  not 
assaatial  for  raactioa  k iaatics  ia  leao-aixture  flaaa  op  to 
tha  vary  caps  of  tha  ragioa  of  aaplodabllity  - tha 

daciaiva  rola  plays  tha  taaparatara  coastaacy  of  boraiag. 


I 
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The  presented  consideration  sake  it  possible  to 
calculate  values  of  I for  the  unstudied  coabos tibia  gases 

or  aalticosponent  aiztures  according  to  the  value  of  lover 
coaceatration  livit,  i-e-,  acteallf  free  thernochesical  data. 
So.  for  acetylene  in  vhich  m 2.5o/o*  should  expect 

Y * 6,20/0,  The  possibility  of  calculation  Y has  large 

practical  value*  since  the  ezperiaeatal  deteraination  of 

saturated  oxygen  concentration  sere  produced  only  for  the 
United  nuaber  of  coabostible  gases  and  vapors.  Value  Ja  Y 
is  the  inportant  characteristic  of  explosion-proof  character 
for  a series  of  technological  processes. 


Sage  219. 


Let  us  give  the  exaaples  of  the  calculation  of 
paraneter  y,  vhich  confira  the  applicability  that  vhich  vas 
presented  for  the  coapounds  of  different  classes.  laaaao  and 
Kitagavas  [190]  detereined  for  acetylene-air  and 
acetylene* oxygen  nixtures  under  standard  conditions  ■ 

2*3o/o  vhich  corresponds  Y,  - 5,8%  O',  (fee  nixtures  Cclc  ♦ 0( 

♦ >2).  They  is  experisental  established  Y » 5.7o/o. 


i 

l 

A 


1 


i 


for  the  nixtures  of  vinyl  chloride  (Cta»cl)  both  vith 
air  end  vith  oxygen  at  standard  conditions  the  saae  authors 
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[091]  will  find  that  «* 3,6 X.  Ternary  aiztures  CtHsCl  ♦ 

air  a I,  caasa  to  ezplede  litk  the  aininun  content  of  air 
«8.1o/o  independent  of  the  concentration  of  feel.  This 


aizture 

contains 

10. lo/o  of 

0,- 

hs  it 

will  be  shown 

in 

Chapter 

8,  with 

retention 

halo 

derivative  hydrocarbons 

in 

the  presence  of 

the  ezcess 

of 

ozygea. 

entire  chlorine 

is 

virtually  completely  joined  into  hydrogen  chloride;  therefore 
for  conbnntioa  C,I«C1,  one  should  accept  v - 2,5.  Sguation 
(7.1)  given  Y,  - 0,0%.  vhich  satisfactorily  nil!  agree  with 
ezperiaent*  ha  in  the  cane  of  other  eedotheraic  compounds, 
value  T for  a vinyl  chloride  is  loser  than  coaaoa  for 
saturated  coapounds.  Using  eguation  (6.13),  it  is  possible 
to  coefirw  the  correctness  of  deteraiaatioa  nmm  in  wort 
(WJ.  for  vinyl  chloride  Q * 278  kcal/aele,  which  gives 

l'5s$‘^R»i/eele  in  accordance  with  foregoing. 

Since  value  y in  deterained  by  the  Uniting 
concentration  of  fuel  in  lean  air turns,  it  is  possible  to 
assune  that  and  the  effect  of  pressure  on  aha age  f will 
be  deterained  by  the  appropriate  dependence  for  Since 

iq  the  niztures  containing  ozygea  the  lower  liait  off 
ez  plodabil it y weakly  depends  on  pressure,  it  is  possible  to 
aasuao  that  value  I only  insignificantly  decreases  with  an 
increase  of  pressure.  This  fact  in  very  aabstaatial,  since 
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the  dependence  of  the  Units  of  explodability  fcon  pressure 
little  studied,  bat  nboat  the  effect  of  pressure  on  the 
position  of  cape  there  is  no  infornation  generally. 

Technological  application/appendices.  In  nany  technological 
processes  appears  the  need  for  the  pressure  transfer  of 
volatile  flaaaable  liquids,  for  exanple  eith  their  pneuaatic 
no ve sent  and  on  pressure  filters.  To  avoid  the  for  nation  of 
the  explosive  nixtures  of  vapors  of  these  liquids  of  the 
safety  regulation  for  sone  productions,  it  is  necessary  to 
execute  this  operation  eith  the  aid  of  coapressed  nitrogen. 
This  need  is  led  to  the  coaplicatioa  and  rise  in  price  of 
production,  in  particular  in  those  videspread  cases  vhen  for 
this  process  it  is  necessary  to  supply  large  quantities  of 
nitrogen  in  cylinders  froa  other  enterprises. 

The  operation  of  pressure  transfer  can  be  considerably 
reduced  the  price,  if  one  considers  that  for  its  safety 
there  is  no  need  in  the  application/use  of  pure/clean 
nitrogen  - it  is  necessary  only  so  that  the  oxygen  content 
in  nix  tore  would  be  less  than  I.  This  fact  creates  two 
possibilit  ies: 

t.  Utilisation  for  the  pressure  transfer  of  nitrogen. 


< ] 


p 
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dilated  by  air  in  sack  relationship/ratios*  that  the  oxygen 

content  in  the  systeas,  which  are  generated  after  addition 

to  the  nixtare  of  nitrogen  vith  air  of  any  quantities  of 

coabontible  gas,  renainn  by  saaller  T [192]. 

Page  220. 

This  condition  is  satisfied  in  the  aajority  of  cases 
narroser  during  the  utilization  of  a nixtare  of  50o/o  air 

♦ 50p/o  of  Ug  (final  oxygen  concentration  it  vill  not 

exceed  10.5o/o)«  so  that  the  consuaption  of  nitrogen  can  be 
abbreeiated/r educed  double. 

2.  Utilization  for  pressure  transfer  of  flaaaable 
liquids  of  discounted  and  weakest  gases  with  high  content 
of  inert  coaponents  (in  basic  lc  and  C0S),  that  are  in 
nany  productions.  The  possibility  of  their  application/use  is 
defined  by  the  fact,  as  is  great  the  oxygen  content  in 
these  aixtures  and  is  how  value  I for  this  fuel. 

the  question  concerning  the  pemissible  oxygen  content 
1q  nixtare  with  coabastible  gas  was  raised  [193]  also  in 
connection  with  the  fact  that  sons  acting  safety  regulations 
[19%]  Unit  pemissible  oxygen  concentration  in  aixtures  with 

I 


L 
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coabustible  gases  by  ose  percent.  It  is  obvious  that  this 
lisitntion  vithont  real  need  conplicates  prodnction. 

let  as  note  that  in  this  guestion  there  is  no 
ananinity:  so.  rales  [195]  for  acetylene  generation 
allow/assuae  the  oxygen  content  in  blowoff  nitrogen  ap  to 
3o/o.  Bales  [196]  allow  possibility  to  solve  the  problen 
concerning  the  pereissible  oxygen  content  directly  for 
enterprises  theaselves. 

the  inportant  problen  of  the  safeguard  for 
explosion- proof  character  appears  in  bonnection  with  the 
release  of  apparatuses  and  gas  lines  fros  their  filling 
coabustible  gases.  This  operation  freguently  is  fulfilled  in 
different  technological  processes,  for  exanple  with  stops  for 
the  change  of  conditions/sode  and  for  the  repair  of 
egoipnent.  is  a rale,  the  stages  of  control  are  the  nost 
dangerously  explosive  stages  of  technological  process  in  view 
of  the  possibility  of  the  forsatiop  in  this  case  of  the 
coabustible  aixtnres  containing  oxygen'. 

k 

Iguipaent  one  should  blow  oat  by  inert  gas.  usual ly 
for  this  is  used  nitrogen.  However,  large  guantities  of 
nitrogen  are  not  in  any  production.  For  the  execution  of 

Hi 

\ 

v ; 

*p  , 
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scavengings,  it  Mas  proposed  to  ase  as  for  the  operations 
of  pressure  transfer,  to  the  neatest  gaseous  nizture  of  the 
iaiert  components  which  unavoidably  contain  certain  quantity 
of  oxygen.  The  possibility  of  their  use  for  this 
target/purpose  is  deter nined  by  value  of  Y for  gas,  which 
is  located  in  the  air-blast  apparatus. 

Bith  connon  for  the  najority  of  coabustible  gases  Y * 
11-13o/o  (if  as  diluent  serves  nitrogen)  gaseous  nixtures, 
which  contain  5-6o/o  of  o,,  are  conpletely  suitable  for 
blowing.  However,  position  substantially  is  changed  with 
blowing  of  the  apparatuses,  filled  by  acetylene  or  hydrogen, 
for  which  Y * 5-6o/o.  In  this  case  the  nitrogen-oxygen 
nizture,  which  contains  5o/o  of  0*,  will  forn  with  the 
coabustible  gases  of  the  nixtures,  which  border  in 
conposition  to  explosive*  During  the  probable  deviations  of 
oxygen  content  froa  that  which  was  assigned,  appears  the 
danger  of  the  fornation  of  coabustible  nixtures,  in 
particular  if  the  teaperature  of  the  air-blast  apparatuses 
is  higher  than  rooa.  In  such  cases  appears  the  need  for 
the  coaplex  and  expensive  operation  of  cleaning  oxygen  froa 
weakest  gases. 

Page  221. 


m 
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Between  is  feasibls  the  staple  method  of  bloving,  which 
ashes  it  possible  to  use  the  unpurified  weakest  gases,  if 
enterprise  disposes  of  easily  attainable  natural  or  oxy-coal 
gas.  For  this,  scavenging  one  should  produce  in  two  stages: 
first  by  this  coubustible  gas,  i.e.,  virtually  by  aethane, 
which  has  the  high  value  of  Y.  In  this  case,  is  not 

necessary  the  special  thoroughness  of  the  scavenging:  a 
reduction  in  the  concentration  of  acetylene  or  hydrogen  in 
the  aixture  of  the  coabustible  components  in  all  3-4  tines 

will  increase  T to  the  value,  close  to  usual.  Let  us  note 

that  even  significant  (order  lOo/o)  foreign  natter  of  oxygen 
to  nethane  are  not  led  to  the  fornation  of  explosive 

aixtures. 


ht  the  second  stage  nethane  is  renoved  by  neans  of 
blowing  with  a aixture  of  inert  gases.  In  this  case,  the 
safety  is  guaranteed,  since  the  available  guantities  of 
oxygen  in  this  case  are  insufficient  for  the  fornation  of 
explosive  aixtures.  This  nethod  of  the  release  of 
apparatuses  froa  coabustible  gases  uill  not  introduce 
essential  conplicatioas  in  coaparisoa  with  single-stage 
process. 
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lb*  scavenging  of  apparatuses  aust  be  produced  when 
they  are  filled  by  coabustible  gas*  but  not  explosive 
aixtere.  In  the  latter  case  they  present  large  danger*  and 

very  operation  of  scavenging  can  lead;  to  the  energence  of 

the  igniting  aoaentua/inpulse/pulses*  first  of  all  the 

discharges  of  static  electricity,  in  the  literature  are 
described  the  exaaples  of  the  heavy  eaergencies*  which 
occurred  under  sinilar  facts  [197]. 

The  exanples  of  the  execution  of  the  technological 
processes  in  which  is  used  the  principle  of  the  naintenance 

of  ojiygen  concentration  lover  than  Y#  are  exanined 
subsequently. 


3.  Bp plosion- proof  character  of  the  aixtures*  which  contain 
the  pairs  of  f loanable  liquids. 

Special  feature/peculiarities  of  vapor-gas  systeas.  Pith 
the  possibility  of  the  foraatioa  of  the  explosive  uixtures 
of  vapors  of  flaaaable  liquids  containing  oxygen  we  collide 
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first  of  all  is  widespread  technological  processes  of  the 
lignid  phase  oxidation  b|  air  of  volatile  coabastible 
organic  liquids*  Such  Bistares  are  foraed  also  vith  fuel 
storage  ligaids  in  large  reservoirs  and  their  pouring  and 


in  nar  rover 

seat ioned 

process 

of 

pressure 

transfer*  since  in 

these  cases 

above  the 

airr  or 

of 

feel  is 

an  air  cushion* 

frequently  flannable  liquids  prove  to  be  in  contact 
vith  the  gaseous  aixtures  containing  oxygen  under  the 
pressure*  which  considerably  exceeds  ataospheric*  vhich 
conplicates  providing  safety.  The  for nation  of  explosive 
stean-air  aixturas  in  the  ataosphere  of  industrial  rooas 
does  not  have  any  specific  differences  fron  the  analogous 
case  vith  air-gas  aixtures* 

#9  4 ; actios. 
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Page  222. 

l«t  as  exaaine  the  aetkods  of  working  with  volatile 
flaaaable  liguids,  which  sake  it  possible  to  avoid  the 
foraation  of  explosive  aixtures  for  the  extent/along at ion  of 
entire  technological  process.  In  aany  instances  these  aethods 
can  be  based  on  the  existence  of  the  teaperatare  Halts  of 

ex pi o debility*  with  invariable  oxygen  content,  equal  initial 
(i.e.  greatest,  and  it  aeans  and  aost  dangerous) , the 
egailibriaa  coaposition  of  the  gaseous  phase  will  be 
strictly  fix/recorded  in  the  case  of  aaintenance  by  the 
constants  of  teaperatare  and  total  pressure. 

During  the  appropriate  conditiops/node  of  air  supply 
into  the  reactor  of  liguid  phase  oxidatiog  or  reservoir 

with  flaaaable  liguid  (energetic  bubbling,  the  large  surface 
of  vaporisation)  the  air  will  be  saturated  by  the  pairs  of 

the  located  in  reactor  liguids.  If  in  this  case  the 
supplied  air  does  not  react  with  liguid,  the  coaposition  of 
the  gaseous  phase  is  deteraiaed  by  teaperatare  and  total 

pres sure. 
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The  explosion-proof  character  of  this  system  it  is 
possible  to  provide  by  teaperature-control  of  the  task  vith 
liquid  fuel.  If  the  tesperatare  of  systesj  and  vith  it  and 
the  pressure  of  the  saturated  steaa  of  liquid  sill  be  the 
not  less  specific  nininun  value*  the  content  of  coabustible 
vapor  will  sot  be  onitted  lover  than  upper  linit  of 
explodability.  Thernostating  of  reservoir  feast  to  the 
necessary  teaperature  and  the  saturation  of  air  by  vapor  of 
fuel  - the  necessary  and  sufficient  condition  of  the 
safeguard  for  ez plosion-proof  character  vithout  any  additional 
liaitetions. 


Liquid  phase  oxidation  of  hydrocarbons  by  air  [198* 

199].  In  the  industry  of  organic  synthesis*  is  videly 

coaaoa  the  aethod  of  obtaining  of  poliaaide  and  polyurethane 
resins*  synthetic  fibers  (caprone*  nylon*  per  Ion)  and  other 

polyaeric  aaterials  froa  petroleum  hydrocarbons.  To  the 

aeaber  of  iaportant  technological  processes  of  this  type*  is 
related  the  oxidation  of  the  liquid  of  cyclohexane  and 
toluese  [ 200*  20*]  by  air*  catalysed  by  the  dissolved  salts 

of  heavy  aetals.  These  processes*  useally  done  under 


of  heavy  aetals.  These  processes*  useally  done  under 
pressure  several  doseas  of  atnospheres*  nr#  bonded  vith  the 
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danger  of  the  formation  of  explosive  stem  e-air  airfares.  So 
that  ia  all  extent/eloagation  of  technological  cycle  the 
gaseo«8  phase  resains  aonex plosive,  were  possible  the 
folloviag  regulations  of  process. 

Daring  the  lignid  phase  oxidation  of  hydrocarbons,  as  a 
rale,  are  not  forsed  other  (besides  initial  product) 
volatile  coapoaeats,  besides  water,  and  the  gaseous  phase 
coosists  of  nitrogea-oxygen  nix tore,  vapors  of  aareactiag 
hydrocarbon  and  water.  Be  take,  that  their  concentrations 
reach  eguilibriaa  (for  the  process  of  vaporisation)  values. 


In  the  absence  of  the  reaction  of  the  oxidation  when 
tire  oxygen  content  in  vapor-gas  nixture  is  naxinal,  will  be 
foraed  the  aost  guick  burning  gaseous  nixture.  The  partial 
consumption  of  oxygen  during  liguid  phase  reaction  Bakes 

vapor-tgas  nixture  less  dangerously  explosive:  is  sufficient 
the  saaller  concentration  of  excess  fuel,  in  order  to  sake 
impossible  flane  propagation.  However,  the  dyaaaics  of  the 

consumption  of  oxygen  it  is  difficult  to  consider. 

Page  223. 


Conducting  calculation  for  the  ieitial  coaposition  of 
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nitrogen-oxygen  aixture,  we  obtain  known  nafoty  aargin". 

Gaseous  aixture  can  contain  two  inert  conponeats  - 
nitrogen  and  water  of  pairs.  The  content  of  the  first  is 
in variable * the  concentration  of  water  depends  on 
teapecature.  With  an  increase  in  the  teaperature*  increases 
the  concentration  of  the  guenching  excess  fael  and  the 
coanon/general/total  content  of  inert  conponents  because  of 
an  increase  in  the  liguid- water  content.  Therefore,  if  is 
establish/installed  phase  eguilibriun*  an  increase  in  the 
teapexature  exerts  favorable  action/effect  on  the  safeguard 
for  (explosion- proof  character. 

For  deter nin ing  of  the  guantitatlve  characteristics  of 
the  conditions/nodes  of  non-detonating  technological  process* 
it  is  necessary  to  give  the  evaluation  of  the  concentration 
Units  of  the  explodability.  of  the  nixtures  containing 
oxygen  for  cyclohexane  and  toluene  and  effect  on  then  of 
pressure.  On  the  other  hand*  one  should  deternine  the 
boundaries  of  possible  changes  in  the  coaposition  of  the 
gaseous  phase  in  the  different  stages  of  process. 

The  Units  of  explodability  for  both  fuels  are  studied 
insufficiently:  are  known  (aoreover  not  it  is  very  accurate} 
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only  upper  and  lower  concentration  Units  of  their  air  tares 
with  air  at  ataospheric  pressure.  Therefore  the  boandaries 
of  the  region  of  dangerously  explosiwe  coapositions  and 
their  dependence  on  pressure  one  should  deteraiae  by  the 
aethod  of  aodel  fuel.  The  available  experiaental  data  are 
used  for  the  check  of  the  validity  only  of  this  approach, 
is  standard  were  selected  the  hexane  and  benzene*  since  the 
coabustible  properties  of  their  nixtures  * were  studied  in 
aore  detail. 


FOOTNOTE  *.  Here  and  subsequently  for  brevity  are  indicated 
only  coabustible  coaponents  of  nixture  (with  air*  oxygen  and 
SO  forth)  . EHDFOOTIOTE. 


Ell  data  on  the  liaits  of  explodability  are  undertaken  fron 
suaaary  ( 135]. 

The  boundaries  of  the  region  of  the  explodability  of 
nitrafae  air  aixtares  of  the  indicated  fuels  in  standardised 
systea  (Igo**  — /)  are  given  in  Fig.  5%.  la  this  saae  the 
figure  corrected  values  of  liaits  for  binary  aixtares  with 
oxygen  - the  estrone  points  of  carve  with  I > 0.  on 
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graph  are  noted  also  the  liaits  of  the  explodability  of 

the  air  aixtares  of  cyclohexane#  in  this  case  is  indicated 
entire  range  of  the  spread  of  the  liaitisg  coaceat rations# 
ooaauaicated  by  different  authors.  This  ratge  is  sufficiently 
great:  for  rich  aixtures  it  reaches  29o/o  of  Sw 

As  can  be  seen  froa  curve/graph#  the  standardised 
characteristics  of  the  liaits  of  explosiveness  of  hexane# 

benzene  and  cyclohexane  in  the  uhich  interests  us  region 
are  sufficiently  close  between  then selves.  This  confiras  the 
possibility  of  propagation  for  cyclohexane  of  the  dependences 
of  critical  conditions  on  the  content  of  inert  coaponent 
and  pressure#  establish/installed  for  a hexane. 

Further  are  exanined  two  nodes  of  the  oxidation  of 
cyclohexane  - with  18  and  35  at.  She  liaits  of  the 

explodability  of  the  air  aixtures  of  hexane  are  studied  to 
Baxissn  pressure  12  at  and  T ■ 150°C.  It  is 

estabiish/installed  that  with  p > 4 at  there  are  two 

liaits  of  the  explodability  of  the  rich  aixtures:  for  hot 
aad  cold  f lanes. 

Page  224. 
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OS  interest  only  the  conditions  of  the  eeergence  of  hot 
flane*  cold  flane  is  here  safe,  since  the  possibility  of 
its  transition  to  hot  flane  is  excluded.  The  extrapolated 


boundary  of 

the 

propsgation 

of  hot 

flane 

with 

150°C  to  18 

at,  ee  find 

the 

unknown  position  of 

the 

Unit 

of 

explodability. 

shown  on  the 

graph  by 

cut 

«. 

The  change  in  the  coaposition  of  pro~gas  nixtore  with 
tenperature,  which  corresponds  to  that  condition  that  oxygen 
is  not  ex pend/cp a suaed  on  liquid  phase  reaction,  can  be 
deternined  by  thernodynaaic  calculation.  The  exasple  of  such 
a calculation  for  the  oxidation  processes  of  cyclohexane  at 
consoa/geaeral/total  constant  pressure  18  and  35  at 
illustrates  table  13.  In  it  the  reduced  pressures  that 
ehich  was  saturated  the  pair  of  both  liquid  components  at 
the  appropriate  teaperatures.  partial  air  pressure,  and  also, 
therefore,  the  partial  pressures  of  oxygen  and  nitrogen  can 
be  deternined  by  the  difference  between  total  pressure  p0 
and  the  sun  of  the  partial  pressures  of  saturated  vapors 
of  CtB|t  and  l|0.  Hence  is  located  the  sun  of  the  partial 
pressures  of  the  inert  coaponents  l*  ♦ H*0  and 

corresponding  values  I (is  o/ol  and  a. 


i 


i. 
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Fig.  54.  Liaits  of  explodebility  for  aitrogea-oxygen  ai stores 
of  hexane,  benzene  and  cyclohexane  and  change  in  conposition 
of  egnilibriaa  xapor-gas  aixtnre  C»Ba<  ♦ B*0  ♦ 0*  ♦ Bx 
aith  teapecatore:  1 - liaits  in  systea  C*Ba#  ♦ o,  ♦ »,  p 

* 1 at,  T « 20°C;  2 - the  sane,  for  bensene,  3 - 

the  sane,  for  cyclohexane;  4 - the  saae,  for  aixtnre  C*Ba* 

♦ air,  p * 18  at,  T * 150°C;  5 - change  in 

egnilibriaa  conposition  of  airfare  C«  fl(2  ♦ Bt0  ♦ air,  p0  * 
18  at;  6.  the  saae,  p0  * 35  at. 

page  225. 
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fhe  eguilibriua  coapositions  of  the  aixtures  of  air, 
vapors  of  cyclohexane  and  water  on  the  graph  of  Pig,  54 
for  total  pressure  18  and  35  at  are  conpared  with  the 
liaits  of  explodability  ia  systea  C*H12  - 0,  - Mc.  Here  o 

subsequently  is  considered  the  saaaary  content  of  both  inert 
coapoeents,  i.e. , it  is  accepted  that  water  is  replaced  by 

an  equivalent  guantity  of  nitrogen.  Under  this  assnaptioa 
the  actual  boundaries  of  the  region  of  explodability 
soaewhat  those  sorrower  designed.  For  each  point,  which 
characterizes  the  coaposition  of  eguilibriua  aixture,  nuaerals 
showed  the  corresponding  to  this  coaposition  teaperature.  the 

curves  of  eguilibriua  coapositions  for  total  pressure  18  and 
35  at  alaost  coapletely  are  superiaposed  to  each  other; 
however,  the  tea peratures,  which  correspond  to  identical 
coapositions,  in  then  are  substantially  distinct,  which  is 
shown  on  graph. 

Nith  a teaperature  decrease  of  eguilibriua  vapor~gas 
aixture,  the  value  of  the  excess  oxidant  ratio  continuously 
increases.  At  specific  ainiaun  teaperature  in  the  point  of 
intersection  of  curves  for  the  liaits  of  explosiveness  and 
change  ia  the  eguilibriua  coaposition,  the  aixture  becoaes 
explosive.  As  shows  the  conparison  of  carves,  when  total 
pressure  is  egual  to  18  at,  this  occurs  at  teaperature  of 
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approxiaately  120°C. 


Bguilibriun  vapor-gas  aixture  resales  explosive  op  to  T 
* *0*C,  when  the  concentration  of  cyclohexane  decreases  to 

the  value,  which  corresponds  to  lower  concentration  Unit. 


The  extrapolation 

of 

the  available 

d.ata  on  the  linits 

of 

explodability 

to 

35 

at  - another 

conditions/node  of 

technological 

process 

- nak.es  it 

possible  to  give  the 

rough 

(although  less  accurate)  estinate  of  saturated  safe 
tenperature;  with  T > 180°C,  eguilibriua  aixture  still 

renaias  non-detonating. 
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Table  1 3.  Calculation  of  the  equilibrium  composition  of 

vapor-gas  mist arm  ia  air  - cyclohexane  - mater  ays tea. 
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Page  226. 


The  method  of  theraostating  makes  it  possible  to  solve 
the  guestion  concerning  the  conditions  of  explosion- proof 
character  for  the  reactor  of  oxidation.  However,  by  this  is 
not  contained  by  the  problea  of  providing  safety  of  entire 
technplogical  process  as  a whole.  It  its  subsequent  stages 
the  reaction  gases,  saturated  with  oxidixable  substance,  aust 
be  cooled.  In  this  case,  begins  the  condensation  of  excess 
(for  the  process  of  burning)  fuel  whose  presence  nade  the 
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steaa-gas  systea  of  safe* 


During  sufficient  cooling  equilihriua  concentration  of 
fuel  in  vapor-gas  aixture  becoaes  loss  lowever*  this 

cooling  does  not  still  guarantee  the  equilibriua  of  gas  and 
liguid  phases*  but  it  scans  the  explosion-proof  character  of 
process.  During  the  rapid  cooling  of  saturated  vapor  shich 


is  foraed  the  stable 

fog  of 

liguid 

fuel* 

and  its  content 

in  the  gaseous  phase 

reuains 

due 

to 

this 

super-ego ilibriua 

Fog-air  aixtures  can 

explode 

just 

as 

gas. 

It  is 

establish/installed 

£178]  i 

that 

the 

explosiveness  of  lean 

fog-air  systens  does  not  have  vital  differences  froa  the 
explosiveness  of  purely  gaseous  aixtures  aith  the  egaal 
content  of  fuel. 

Thus*  the  explosion-proof  character  of  the  cooled 
gaseous  oxidation  products  cannot  be  secured  by  obtaining 
the  aixtures  which  have  »<«„„.  however*  problea  can  be 
solved  by  another  aethod#  hy  aeans  of  aonitoring  of 
satisfaction  of  condition  < T.  in  the  process  of 

liguid  phase  oxidation*  oxygen  concentration  in  the  gaseous 
phase  decreases,  with  the  sufficient  degree  of  its  spending* 
oxygen  concentration  is  lowered  to  value*  saaller  T*  and 
aixture  becoaes  nonexplosive*  independent  of  the  content  into 


ft 
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aoifUmbl*.  The  problen  of  providing  safety  of  tho  gases, 
which  oaorgo  froa  reactor,  is  rcdscod  to  the  uninterrupted 

aonitoring  of  tho  contont  in  than  of  oxygon.  For  this,  can 
bo  usod  tho  antonatic  nagnotic  gas  analysers  of  oxygon  of 
tho  typo  BGR. 

As  shown  above,  for  tho  hydrocarbons  T in  foostioa  it 

sa st  bo  ognal  froa  10  to  13o/oj  agnation  (7.1)  gloss  Y,  = 

* U,7%for  cyclohoxano  * 1,3%)  and  y,  « 12,6%  for  tolaeao  (**,=  1,4%). 
It  io  difficult  to  ox poet  so  that  those  values 
substantially  will  change  with  a pressure  increase  (above  1 
at).  Therefore  tho  aaxiaun  poraissiblo  oxygon  concentration 
at  ootput/yiold  froa  reactor  should  ostablish/install  equal 
to  7o/o  for  both  hydrocarbons.  Exparinent  shows  that  this 

condition  is  feasible  during  the  noraal  flow  of 
technological  process. 

If  the  realization  of  this  copd it ion s/node  for 
cyclohexane  or  another  hydrocarbon  proves  to  be  for  soae 
reason  or  other  difficult,  it  is  expedient  to  dilute  the 
fresh  air,  which  eaters  in  the  rector  of  oxidation,  by  the 
eserging  froa  it  gases,  i.e.,  to  prodace  partial 

recirculation.  Apparently,  this  noticeably  does  aot  hanper 
the  course  of  liguid  phase  reaction,  in  any  case,  for  the 
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oxidation  of  cyclohexane,  since  the  cate  of  this  process 
barely  depends  on  oxygen  content  [ 200,  201]. 

Page  227., 

Xt  is  exper iaeatally  establish/installed  that  daring  the 
oxidation  of  tolaene  (unlike  cyclohexane)  there  is  no  lignid 
nater  in  reactor.  Therefore  daring  the  calculation  of  the 

equilibria  a coapositicn  of  vapor-gas  aixture,  is  used  £Hso] 

* 0.  The  nonregulated  additions  of  unsatorated  water  vapor 

to  tolaene- air  Mixture  are  not  considered  that  their 
presence  increases  "safety  Margin”,  k change  in  the 

coaposition  of  eqailibriuM  Toluene-air  Mixtures  with  the 
invariable  oxygen  content  for  p0  = 2 at  and  p0  » 20  at 

is  shown  in  Pig.  55. 

On  the  sane  graph  are  given  boundaries  of  the  region 
established/installed  earlier  of  explodability  with  1 at,  and 
also  values  of  Units  for  the  air  Mixtures  of  toluene. 
Processing  of  available  data  on  the  effect  of  pressure  on 
the  Units  of  the  explodability  of  the  Mixtures  of  hexane 
sakes  it  possible  to  approxinately  evaluate  the  angular 

coefficient 
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Pig.  55.  Limits  of  ezplodability  of  aiztnres  of  hydrocarbons 
and  Change  in  coaposition  of  aqnilibriaa  niztara  crBs  ♦ H*o 


♦ 0,  ♦ ■*;  1 - 

liaits  of 

ezplodability 

with 
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at 

for 

hezane;  2 - the 

sane,  for 

benzene;  3 - 
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sane. 

for 

the  sane. 

for  toluene; 
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linit 
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ezplodability  with 

2 at;  6 

- the  sane. 
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•gailibrian  conposition  with  2 at;  • - tbo  sane,  with  20 


ley:  (1).  an  interval  of  valnes  of  Units. 
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Pag*  228. 

Accepting  in  accordance  with  that  akich  was  presented  in 
chapter  («  section.  2,  that  valM  «»,,  grow/increases  by 
1*o/o  with  an  increase  in  the  teaparature  by  100  degrees, 
it  is  possible  to  introduce  interference  correction  of 
te  ape  rat  are  and  to  calculate  the  isotheraal  baric  coefficient 
of  the  critical  coaditioas 

Osing  values  of  the  baric  asd  tenperature  coefficisats  of 
the  lisits  of  ezplodability,  it  is  possible  to  calculate 
the  positions  of  the  lisits  of  ezplodability  for  the 

assigaed  initial  pressures  which  are  shows  in  Pig.  55. 

Deter aining  the  points  of  intersection  of  the 
corresponding  carves  for  eguilibriun  ccapositions  and  the 
linits  of  ezplodability  and  interpolating  values  of  critical 
tenperature,  we  find  the  dependence  of  the  latter  on  total 
pressere.  So,  with  2 at  curves  intersect  at  point  lg  w * 

1 * 72o/o  (Id,  eguilibriun  steaa-gas  aizture  has 

this  coaposition  at  tenperature  of  approzinately  60 °c-  Pig. 

56  illustrates  a change  in  the  saturated  nodes  of  the 
non-detoaating  liguid  phase  ozidation  of  toluene  by  air  with 
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an  iicrtase  of  pressure. 

For  the  creation  of  the  specific  "safety  lacgii"  the 
tesperatare  of  liquid  in  the  reactor  of  oxidation  anst  be 
hf  20-30  degrees  higher  than  critical#  deteraiaed  by  the 

graph  of  Pig.  56.  It  is  possible  to  expect  that  refinesent 
of  the  data  on  the  Units  of  explodability  in 

tolueae-oxygen  - nitrogen  systen  daring  the  nost  thorough 
investigation  sill  not  give  the  bases  to  change  presented 
in  Pig.  56  values  of  critical  tenperature  sore  than  for  15 

degrees#  bat  saturated  oxygen  concentration  - are  acre  than 
to  2o/o  abs. 

In  work  [205]  is  studied  the  effect  of  pressure  on 
the  Units  of  the  explodability  of  toluene-air  aixtures; 
hosever#  the  results  of  these  expesiseats  sere  uncertain, 
that  vhich  vas  found  here  for  1 at  = 7,2%  virtually 
coincides  with  the  data  of  earlier  deter  alaatioas.  However, 
for  large  pressures  vith  180°C  in  two  sets  of  experiaents 
on  iasssfrshaa  sib le  reason#  are  obtained  tuo  series  of 
values  shose  difference  reaches  UOo/o  of  neasured  vales, 

le  Nrth  series  they  correspond  the  approxisate  values  dig «„#./ 
dlgp4>,36  aad  0*50#  last/latter  nun  bar  is  also  doubtful*  Is 
sties  results  of  this  vork#  the  disagreeaeat  of  those  uho 
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■«C«  MlSUad  nan  CMChtS  100o/O. 

It  is  obvious  that  tbs  data  of  this  study  are 
partially  erroneous,  which  is  caused  by  the  coupler  it y of 
ex pari sent at ion  with  vapor-gas  uixtures.  The  results  of  eork 
obviously  illustrate  vorthvhileness  of  applicatioa/use  and 
advantage  of  the  aethod  of  aodelling  for  such  systeas. 
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’tl 

Ire  aore  reliable  the  obtained  m this  work  characteristics 

, ■] 

of  the  cape  of  the  region  of  eaplodability.  Ia  1 at  ana 
180°C#  it  corresponds  87o/o  of  ■*  and  1 1.4o/o  0t. 

j 

hssnaing  that  the  teaperatare  correction  for  I is  8o/o  to 
100  degrees#  as  for  ee  find  for  rooa  teaperatare  of  i 

■ 1 3. Oo/o  in  accordance  aith  the  aade  above  estiaation. 

- 

V 

*r\ 

the  air  cushion  above  the  surface  of  f loanable  ligaid 


[206#  207].  Sons  highly  volatile  flaaaable  ligaids  under 
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specific  conditions  can  be  stored  in  reservoirs  and  cr asked 
by  directly  atsospberic  air  without  dilation  by  nitrogen. 
These  conditions  becose  possible  as  a resalt  of  high 
pressere  the  pair  of  flasaable  liquid,  sufficient  for  the 
forsatios  ef  aeaexplosive  aixtares  with  the  content  of  fael, 
that  exceed  *—•  is  narrower  at  the  teaperatares  of  close  to 
roos. 


This  set  hod  css  be  applied  is  wars  season  either  in 
hot  clients  or  in  the  heated  coapartsents.  It  is  especially 
advisable  when  coapressed  nitrogen  generally  proves  to  be 
unattainable,  for  exanple  with  bottling  froa  cisterns  on  the 
unsteady  pads. 

For  the  realisation  of  this  agthod  it  is  necessary  for 
the  exteat/elongation  entire  operation  to  track  the 
teaperature  of  liquid  in  reservoir.  It  east  not  be  lower 
than  certain  liaitiag  value,  the  greater#  than  higher  total 
pressure  above  the  surface  of  liquids  The  air,  supplied 
into  reservoir,  aust  be  saturated  by  vapor  of  fuel.  For 
this,  it  it  is  expedient  to  let  pass  through  the  filling 
colons,  filled  by  laschig  rings,  irrigated  by  liquid  froa 
reservoir. . The  teaperature  of  coluaa  is  naiatained  soaevhat 
the  greater  teaperature  basic  reservoir,  which  guarantees  the 
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coapl«t*MM  of  saturation  *. 


FOOTBOTB  ».  Lot  os  give  the  exaaple  of  the  utilization  of 
a coluaa  for  saturation. 


* » 


Jb  used  coluaa  by  height  125  ca  aad  by  diaaatar  12 
ca,  filled  by  packiag  froa  laschig  rings  by  sise/diaeasioa 
15  z 15  x 2 aa  with  the  consunptien  of  air  60  a*A 
(voloae  derived  for  standard  conditions)  and  the  irrigating 
liquid  100  !/*>:  with  p - 2,  at  linear  air~strean  velocity 

ia  the  clear  opening  of  colunn  is  equal  to  0.7  a/s.  la 
this  case  the  degree  of  saturation  by  vapor  of  the  air* 
passed  through  the  colunn*  reaches  90o/o.  EIDFOOTIOTB. 


She  saturated  safe  teaperature  of  pressure  transfer  by 
air  T„  is  deter  ained  by  the  factors*  specific  for  this 
liquid:  by  the  value  »«  of  air  airfares  and  by  the 
pressure  of  the  saturated  steau. 


Are  given  belov  the  aiaiaun  safe  teaperatares  ("O 

for  a pressure  transfer  by  air  of  beaseae  of  acetone*  of 
ethyl  ether  and  ethyl  aixture  P - § * at  total  pressure 


'*  1 
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FOOT  VOTE  *•  It  is  used  as  antiknock  coapoaents  to  not  or 
fuels*  its  basic  volatile  cosponest  is  ethyl  broaide. 
EIDPOOTN OT I. 


Hey:  (1).  at. 

Page  230. 

Hence  it  follows  that  valse  rKp  sufficiently  noderate 
for#  this  nethod  coaid  be  sai table  So  practical  utilisation. 
For  providing  "safety  margin"  the  teaperature  of  the  crushed 
liquid  nust  be  aaintained  to  5-6°C  greater  fJL 


«•  Histures  with  the  noncondensing  fuel. 
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Gas-phase  conversion  of  hydrocarbons  at  the  ten  pera  tares, 
close  to  T{  (208,  209].  In  technology  of  organic  synthesis, 

are  knosp  the  processes  of  the  gas-phase  partial  oxidation 
of  hydrocarbons  by  pare/clean  oxygen  for  the  target/par pose 
of  obtaining  alcohols,  aldehydes,  ketones  and  carboxylic 
acid s^  These  processes  are  conducted  usually  at  300-500°C, 
i»e. , at  the  tenperatures,  connensurable  uith  spontaneous 
ignition  tenperatures.  Here  are  converted  the  nonexplosive 
si xt ores,  fuel-rich. 

For  the  safeguard  for  exp losiop- proof  character  of 
technplogical  process,  they  Unit  tl)e  pernissible  oxygen 
content  in  the  processed  aixtures.  At  the  saae  tine  for 
the  intensification  of  process,  is  desirable  a possible 
increase  in  oxygen  concentration.  Since  in  this  case  fuel 
in  gaseous  nixture  is  not  located  in  eguilibriua  with  its 
liquid  phase,  the  explosion- proof  character  of  process  is  no 
longer  reached  by  t hemal  control.  Houever,  for  a gas- phase 
systee  it  is  possible  to  arbitrarily  naintain  the 
son- detonating  coaposition  of  nixture. 

It  was  establish/installed  that  for  fractions  C,-C4  with 
1 at  critical  oxygen  concentration  is  1(-S2o/o.  The  - 

conversion  of  hydrocarbon-oxygen  sixtares  is  possible  safely 
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to  conduct  with  proper  safety  uargin  with  oxygen 
concentration  to  35-  3 80/ o. 

Table  14  gives  the  results  of  deteraining  the  linits 
of  explodability  under  standard  conditions  for  the  aixtures 
of  technical  hydrocarbons  with  oxygen,  sone  aixtures  contain 
also  carbon  nonoxide.  Indicating  ccapositions,  we  nill 
designate  by  (C+Hto)  - technical  butane,  which  contains 
94o/o  of  basic  product;  by  (CSB«)  - technical  propylene, 
which  contains  89o/o  of  pure/clean  propylene,  60/0  of 
propane;  by  (CSHS)  - propane- propylene  fraction  which  are 
45 0/0  of  propane,  30o/o  of  propylene,  I60/0  of  ethane. 
Values  aKp  are  calculated  taking  into  account  the  actual 
coapositloa  of  coaplex  fuel. 


Goaparison  shows  that  standardised  values  of  the 
critical  conditions  of  the  explodability  of  the  coaplex 
aixtures  of  hydrocarbons  in  principle  do  not  differ  froa 
the  sane  for  individual  saturated  hydrocarbons  and  propylene 
(according  to  data  [13SJ)s 


(/)yrjKMj|opfl« 

«M,  • . • 


Key*  (1).  ffydroearboa. 


t 
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The  aoist  nixtures  of  carbon  aonoxide  are  coabostible 
in  the  even  aore  broad  band  of  the  coapositioaa:  for 

binary  aixture  CO  ♦ o2  under  standard  conditions  — 0,13. 

It  uas  necessary  to  consider  effect  tbe  addition  of  cnrboa 
aonoxide  on  the  liaits  of  explodability,  since  it  is  foraed 
as  by-product  during  the  oxidation  of  hydrocarbons. 

Page  231. 

It  turned  out  that  the  additions  of  carbon  aonoxide  to 

hydrocarbons  not  only  do  not  expand  the  region  of 
explodability  for  hydrocarbons  •,  but  they  flegaatize  these 
aixtures,  giving  sonatinas  to  increase  critical  concentration 
of  oxygen  to  63o/o  and  amln  to  0.75. 

1 

FOOT BOTE  >.  in  spite  of  the  saaller  effective  heat  capacity 
of  carbon  aonoxide,  incapable  of  endotheraal  reactions  in 
flaae.  BBDPOOTBOTB. 

- 

Thus,  upper  coacaatratioa  linit  is  lovered  to  the 
coaposition*  close  to  stoichioaetric.  Veins  aM  yrov/incr eases 

v- 

also  st  double  vith  addition  to  fuel  15- 20  Vo  ef  carbon 
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■o no side,  and  during  dilution  by  it  double  - to  4.5  tiaes. 

W ' 

The  narrowing  of  the  region  of  coabostible  coa positions 
during  the  partial  replacenent  in  the  rich  aixtures  of 
hydrocarbon  by  carbon  aonoxide  testifies  to  distinctly 
expressed  autual  inhibition  of  their  oxidation.  This 
replacenent  of  coaponents  is  bonded  with  an  increase  in 
teaperature  of  burning;  however*  for  flaae  propagation#  occur 
less  favorable  conditions. 

Figures  57  depicts  the  results  of  the  investigation  of 
critical  values  of  the  excess  oxidant  ratio  for  the 
aixtures  of  technical  propylene  with  oxygen  (83o/o  C,H»* 

12o/o  C,H,)  froa  the  content  of  the  inert  coaponents  as 

vhich  they  are  used  carbon  dioxide  and  water  of  pairs. 

These  data  to  a certain  degree  characterise  also  the  effect 
of  pressure  on  the  Units  of  explode  bilities#  which  were 
deterained  for  aixtures  with  CO,  with  1 and  7 at. 

Bxperiaeats  on  the  aixtures#  which  contain  carbon  dioxide* 
are  carried  out  at  rooa  teaperature#  experiaeats  on  water 
vapor  - at  100*c.  of  binary  aixture  (C,BS)  ♦ 0,  with  1 

at  a.#,  virtually  coincides  with  the  value*  vhich  corresponds 
to  the  recoaneaded  [135]  upper  concentration  apparitor  for 
pure/clean  propylene. 

I 
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The  valae  is  little  affected  over  a vide  range  of 

a change  of  the  concentration  of  inert  coaponent,  in 
particular  vith  1 at. 

Table  lit.  Limits  of  explosiveness  of  the  -mixtures  of 
technical  hydrocarbons  with  oxygen. 


Key:  (1)  Fuel;  (2)  Content. 


Pag*  232. 

■ith  an  increase  of  the  content  of  carbon  dioxide*  critical 
oxygen  concentration  aosotonically  is  lowered  froa  46o/o  in 
binary  nixture  (I  » 0)  to  15o/o  of  "cape"  (I  for  1 at. 

Thus,  in  the  nixtures,  fuel-rich,  the  additions  of  inert 
coaponent  do  not  exert  theaselves  the  flegaatixiag 
act ioa/ef feet*  but  on  the  contrary*  they  increase 
explosiveness,  if  it  are  are  aeasurud  by  saturated  oxygen 
concea  trat ion. 

Vith  a pressure  increase,  the  region  of  dangerously 
explosive  c on positions  soaevhat  is  expanded.  For  binary 
nixtures  in  the  range  between  1 and  7 at  valee  a*,  is 
changed  approxiaately  in  tine*  this  corresponds—  d lf«4**/d lgp~ « = 
’ 0.36. For  the  nixtures,  which  contain  50o/o  CO,*  effects 

•t  n change  in  the  pressure  weakens  t«  i>  0,13.  the 
replafceaent  of  carbon  dioxide  by  ester  eager  a little 
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I 

f 


) : 


expands  the  lieits  of  explodabilit  y,  relation  o«.  (COjla^  (HfO) 
ccackha  naxinua  valaa  of  1.6  with  I * 60o/o. 


Preseated  facts  coafira  the  iapossibility  of  the 
utilisation  of  additions  of  inert  gases  the  target^ purposes 
of  the  intensification  of  technological  process  for  the  rich 

aixtuses  containing  oxygen:  these  additions  are  here 
ineffective.  At  the  saae  tine  in  the  processes  of  the 

gas-phase  oxidation  of  hydrocarbons,  is  possible  the 
utilisation  of  carbon  aonoxide  as  that  flegaatixing 
additions.  Anong  the  systeas,  vhich  are  encountered  in  the 
chenical  technology,  the  effect  of  inhibition  is  aost 
sharply  pronounced  during  the  oxidation  of  the  rich  aixtures 

of  hydrocarbons  and  carbon  aonoxide.  A conversion  of 
hydrocarbons  it  is  expedient  to  realise  under  the  conditions 
of  the  recirculation  of  the  aixturus,.  inhibited  by  additions 

CO. 


In  this  process  it  will  be  passible  to  noticeably 
increase  oxygen  content.  The  utilisation  of  carbon  aonoside 
favors  the  fact  that  it  forns  in  the  very  oxidation 
process  of  hydrocarbons:  vith  convection  it  is  not 
espead/consnaed.  The  sad  products,  capable  easily  to  be 
condemned,  one  should  derlSre/conclude  froa  the  sphere  of 


\ 

*1 
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| 

I 


reaction  into  which  is  added  hydrocarbon-oxygen  aixtnre  with 
its  consunption.  It  is  possible  to  erpect  that  the 
additions  of  carbon  aononide  will  contribate  not  only  to 
safeguard  etplosion  safety#  bat  also  to  the  coarse  of  the 
process  of  conversion  in  desirable  direction#  braking  the 
side  reactions  of  a deep  oxidation  of  oxide  products. 

I 

/ 

• *1 

.1 

* 1 


% \ 

■! 
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«*. 

■iiticw  of  technical  propylene  with  oxygon:  1 * aixture 

■ith  C0„  I at;  2 - tho  saae«  7 at;  3 - aixture  with 

l«0,  1 at;  x - Unit  of  explodability  of  aixturaa  of 

pure/clean  propylene,  1 at  [135]. 


v! 


Page  233. 


In  the  processes  of  oxidative  conversion,  one  should 
especially  strictly  track  the  fact  so  that  eould  not  be 
foraed  the  explosive  aixteres,  since  they  can  be  aot  only 
set  fire  by  the  discharges  of  static  electricity,  bat  also 
they  can  igaite  spontaneously  in  the  reactor  of  oxidation. 
Por  each  systens  sere  recorded  very  los  values  of  the 
teaperature  of  self- ignition  to  close  to  operating 


teaperature  of  conversion 
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Stean-oxygen  conversion  of  nethane  in  nine/shaft  reactors 
[210].  The  bulk  of  hydrogen  for  the  synthesis  of  assonia 
is  prodaced  at  present  by  the  nethod  of  the  sine/ shaft 
stean-oxygen  conversion  of  hydrocarbons.  The  converted  nixtore 
of  conbnstible  gas,  oxygen  and  water  vapor  passes  throegh 
the  catalytic  gas  recoabiaer  with  packing  fron  the  grains 
of  nickel  catalyst,  hpparatos  by  disaster  1.5-3  a,  by  the 
prodactivity  of  order  of  tens  of  thousands  of  na*/fc,  in 
eqaipped  with  fireproof  lining.  As  basic  ran  naterial  for 
nany  Soviet  plants  serves  natural  gas  with  the  content  fron 
82  to  98o/o  of  nethane. 

The  process  of  conversion  is  conducted  according  to 
low-pressure  patterns  (1.5-3  at)  or  of  naan  pressure  (by 
20-30  at).  For  conversion  are  used  either  of  technical 
oxygen,  which  contains  82-98o/o  0,  or  concentrated  by 

atnospheric  oxygen  («0-50o/o  0a).  m the  stean-oxygen 

process  of  aean  pressure,  the  oxygen  content  in  treated 
nixture  is  approxiaately  15o/o,  water  vapor  - about  62o/o. 
Tor  low-pressure,  process  is  characteristic  the  oxygen 
content  26o/o,  of  water  vapor  - 37o/o.  In  the  case  of 

steaa-oxygea-air  conversion  at  the  pressure^  close  to 
atnospheric,  the  reaction  aixtnre  contains  aboat  20o/o  ot 

«|1  50o/o  (Bc0  ♦ ■,).  The  teaperature  of  preheating  in  all 

cases  is  close  to  400-500°C. 
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C&£.iy~  3.  H t-Xfll  i*  to  M J 'vO'  ■..« 

Oaring  the  noraal  flow  of  technological  pcosasi,  aethaae 
reacts  with  oxygon  and  Motor  vapor  vithoat  the  oaorgonco  of 
flaao  and  soot  foraation.  However,  this  conditions/aodo  not 
always  is  rotaiaod:  uador  certain  conditions  above  the 
catalyst  bed,  appears  stationary  flaao,  vbich  ia  led  to  a 
sharp  increase  in  the  teaperatare.  The  result  of  this 
coapl£cation  proves  to  be  the  burning  oat  of  natal 
iqsert/reiaf orceaent,  the  destruction  of  the  grains  of 
catalyst  and  lining  of  converter.  To  the  destruction  of 
refractories,  is  led  not  so  aoch  the  reheat,  as  sharp 
theraal  shock;  catalyst  is  crashed  in  the  process  of 
gasification  by  water  vapor  of  the  plotted  on  it  soot. 

\ 

i 

I 

- 

Zn  connection  with  these  conplicatioas  it  is  necessary 
to  deternine  the  boundaries  of  explodability  ia  systea  CB« 

♦ 04  ♦ HtO  with  appropriate  pressures  and  the  contents  of 
inert  conponeat.  In  view  of  the  absence  of  these  direct 
aeaaureaeats,  this  problea  is  solved  by  the  aethod  of 
aodelliag.  For  basis  it  is  possible  to  accept  the  presented 
in  Fig*  57  results  of  the  neasareseqt  of  the  Halts  of 

* 

explodability  for  systea  ♦ 0,  ♦ Ba0.  Problea 

consists  ia  the  check  of  the  degree  of  the  siailarity  of 
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both  systems  and  in  the  estimation  of  error  in  sinulatioa, 
and  also  in  tba  detecaination  of  the  baric  coofficiont  of 
the  liaits  of  explodability. 


* it’  v»  "t.  i 
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Page  23*. , 

Indicated  the  curves  of  dependence*  (tup  (/)  with  1 at 
in  Pif.  58  nre  con pared  with  data  ether  investigat ions. 
Talnee  a^B  for  the  binary  niztures  of  a series  of 
coehnntihie  substances  with  oxygen  [135]  satisfactorily  will 
agree  between  theaselves,  and  also  eith  nnalogons  value  for 
nod#l  feel  - technical  propylene.  This  nates  it  possible  to 
consider  that  for  I > 0,  i.e.,  for  the  unstudied 
three- coup on ent  nixtures  of  the  sane  fuels*  veins  ' nre 


sufficiently 

close 

to 

analogous 

value  of  the 

nixtures 

no  del  fuel. 

The 

great 

deviation 

of  value  a," 

of  binary 

ai stare  froa 

the 

appropriate  value  for  nodel 

feel  is 

observed  for  nethane.  Apparently,  this  is  bonded  not  sith 
the  error  of  experiaent,  but  with  the  knnea  specific 
character  of  the  rich  nixtures  of  nethane* 


In  several  old  works  is  investigated  the  behavior  of 

- 

i 


carbon  dioxide  as  that  flegaatizing  additions  to  the 
nixtures  of  the  carbon-containing  feels  sith  oxygen. . Their 
converted  results  are  also  represented  in  Pig.  58.  These 


1 


DOC  » 78016703 


PA6B  ^ (ff  3 


[211]  and  [212]  for  aixtures  Cfl4  a 0*  * CO,  give  the 

knowingly  lowered  contents  of  fuel  on  upper  Halt  in 

connection  with  the  insufficient  nidth  of  coabantioa  tube 
and  the  ignition  of  the  aistursa  being  investigate!  of  its 
upper  end.  For  1*0  valae  (— lg in  these  eorks  than 
sonewhat  less  reconaended  [ 135)  foe  eethaae.  it  the  sane 

tine  the  curve  of  the  dependence  lf«M.  froa  I is 
arrange/located  approxinately  by  the  eguidistaatly  appropriate 

curve  for  aodel  fuel.  Bxperiaents  [213]  were  conducted  with 

Ox+J 

aixtures  <CB,) , CO  ♦ /^Co*  and  CB,0B  ♦ 0,  ♦ CO,  vith  the 

high  content  of  inert  coapoaent*  these  data  aake  it 
possible  to  check  the  position  of  the  cape  of  the  region 

of  ex plod ability.  The  obtained  results  satisfactorily  will 
agree  with  data  for  aodel  fuel. 

The  presented  facts  aake  it  passible  to  consider 
establish/instnlled  that  systea  (C,l«)  ♦ 0,  ♦ CO,  can  serve 

nodel  for  systea  CB«  a O,  ♦ CO,.  Bence  follows  the  second 
conclusions  systea  (C,B«)  ♦ 0,  ♦ B,0  is  aodel  for  systea 

CH  4 a o,  a B,0;  recall  that  vith  identical  fuels  ^ for 

aixtures  with  both  inert  coapoaents  they  differ  not  note 

than  1.6  tines.  Standardised  values  of  the  liaits  of  the 
explod  ability  of  nodel  systea  can  be  with  known  "safety 
aar gin"  disseniaated  to  the  appropriate  coapositions  of  the 
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unstudied  system  at  whose  vale*  (— lga'M1.)  is  sonewhat  1ms. 
Judging  by  the  positions  of  lisits  with  1*0,  actual 
critical  oxygen  content  ~ in  nixtures  with  aethaae  aunt  be  by 
approximately  30o/o  note  than  calculated. 
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Pig. 

56. 

Lisits  of  explodability  in  systes 

fuel  * 

o. 

I with  1 

at.  Model  nixtuces  (CSH»):  I - 

I = CO*;  II 

- 

I * 

h2o# 

sixture  with  £1]  * 0:  1 CH4; 

2 - C,H4; 

3 

CaH.s 

4 

- n - C4Has;  5 - fros  - C4Hao: 

6 ~ C4R,4; 

7 

propylene; 

8 - Ctlt;  g - cyclohexane;  10 

- (Cl,)  ,0. 

Pa 

♦ 

o. 

♦ CO#j  a-  acetone  (213); 

■ethanol 

f 2 13  J|  6-  Cl4  (211 J;  •-  r Qi*  (212). 


page  235. 

On  the  effect  of  presssre  on  the  Units  of  the 
explod  ability  of  sixteres  ce4  ♦ o,  ♦ H,0,  it  is  possible 
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to  jedge  on  the  basis  of  the  inforaation,  given  in  the 
preceding  section*  and  also  direct  neasnreaeats  for  binary 
airfares  CH«  ♦ o2  [214]*  The  converted  resalts  [21U]  are 
represented  in  Pig.  59*  which  gives  e»  0.35.  This 
condition  can  be  disseainated  also  to  tkree~coepoaent 
airfares  CH4  ♦ 0*  ♦ Bc 0.  This  assanption  is  also  bonded 

with  certain  increase  in  the  "safety  nargin".  Judging  by 

the  behavior  of  other  coabustible  systeas*  value 
decreases  with  an  increase  of  the  content  of  inert 
coaponents. 

Accepting,  that  the  liaits  of  erplodability  in  systea 
CH4  ♦ Of  ♦ flt0  correspond  to  carve  II  of  Fig.  5 8 and  to 
condition  « * 0.35,  it  is  possible  to  calculate  values  of 

saturated  coapositioas.  Figures  60  and  61  gives  to  the 
dependence  of  saturated  orygen  concentrations  (ainiaon)  or 
respectively  of  aethane  (aariaun)  on  the  concentration  of 
water  vapor.  Bach  of  the  curves  is  related  to  pressure  1* 
5,  10,  20  and  40  at  respectively  even  100*C.  since  the 

accepted  by  us  value  of  the  baric  coefficient  of  the 

linita  of  erplodability  e,  apparently,  so  new  hat  higher  than 
carves  which  deteraiae  critical  esygen  concentrations  with  r 
> 1 at  (Fig*.  60),  are  aast,  in  actuality,  to  be  found 

aoaevhat  it  is  nearer  to  curve  for  1 at* 
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If  we  consider  the  difference  amm  of  the  niztnres  of 
aethaae  and  aodel  aixtures.  calcalated  saturated  oxy gen 
concentrations  are  soaevhat  understated,  but  aethane 
concentrations  are  overstated.  However.  it  is  necessary  to 
consider  that  the  teaperature  of  the  converted  aixtures  on 
300-400  degrees  higher  than  in  experiaents  on  aodel 
aixtures.  it  is  possible  to  assuae  that  the  effect  of  an 
increase  in  the  teaperature  coapensates  for  the  effect, 
caused  by  cheaical  specific  character,  and  the  obtained 
critical  concentrations  approxiaately  correspond  actual. 

A*  during  the  conversion  of  propylene,  critical  oxygen 
concentration  decreases  vith  an  increase  in  the  content  of 
water  vapor.  Only  at  very  high  [H*0]  is  reached  gently 
sloping  niniaun. 
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according  to  data  [214]: 


oa  Halts 
o - • haras* 


of  explefabi  lity 
a-  doss  not  barn. 


Page  236. 

In  In  the  process  of  the  conversion  of  aethana  with  20 
at  ia  connection  with  the  high  content  of  vater  vapor  - 
60o/o  - the  liaiting  concentre tion  taking  into  account 
three-coaponent  aixture  is  snails  about  6o/o.  Since  ia  this 
case  are  processed  the  nixtares.  vhich  contain  2.5  tines  of 
aore  oxygen,  they  are  unconditionally  coabestible.  The  sane 
it  ia  possible  to  say.  also,  about  the  aixteres.  processed 
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daring  the  steaa-oxygen  low- pressor e process  and 
sbean-oxyg sa-air  procsss,  Within  the  limits  of  technological 
conditions/sode  coaposition  cannot  bg  changed  so  in  order  to 
sake  the  processed  nixtures  nonexplosive. 


j»ince 

it  is  not 

possible 

to  create 

the  condition 

of 

nornal 

course  of 

process 

within  the 

franesork  of 

the 

observance  of  the  first  principle  of  safety,  the  forsation 
of  the  centers  of  coabostion  it  is  necessary  to  prevent  by 
neans  which  correspond  to  the  second  principle.  The 
processed  nixtures,  although  are  explosive,  all  the  sane  are 
related  to  slowly  burning  and  therefore  difficultly  ignited. 
The  conversion  of  nethane  is  conducted  in  rapid  flow,  which 
inpedes  the  energence  of  stationary  flane*  Snooth  burning 
will  prove  to  be  iapossible,  if  ve  within  converter  renove 
stagnation  zones  and  the  large  free  spacer  filled  by 
conbustible  aixture. 


The  stagnation  zones,  in  which  the  rate  of  gas  flow 
descends  virtually  to  zero,  can  occur  in  spite  of  the 
significant  average  discharge  velocity  of  the  converted 
nixture  <5-80  n/s).  Conbustion  in  snch  zones  is  the  reason 
for  the  destruction  of  the  nixing  devices  of  nany 
installations,  working*  For  this  reason  the  npeed  of  ordered 


flow  of  gas  aloag  apparatus  caa  be  lowered  only  after  a 
decrease  in  oxygen  concentration  dowg  to  the  mine  ssaller 
than  saturated. 


MC  - 7IIK7M 


tO  %H/> 

vif.  10.  sitmtM  oiff«i 


concentrations  in  sjstea  CH«  ♦ o. 


♦ !(•}  J * 1 »tj  2 • $ »t{  I - 10  it;  » - 20  at;  5 


- 40  at. 


i0  >tO  90  MXHfi 

Pig.  61.  Liaitiag  concentrations  of  aethane  in  sjstea  CB*  «■ 
0,  ♦ H*0:  1*1  at;  2 - S at;  3 * 10  at;  4 * 20 
at;  5-40  at. 


Page  237. 


Another  reason  for  the  eaergeaoe  of  flaae  in  converters 


i 
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consists  in  tka  local  deviation  of  tbo  con posit ion  of 
gaseous  aixture  fron  average  value*  caused  by  the  poor 
nixing  of  coaponeats.  Any  fluctuations  of  coapoaition  are 

bonded  with  foraation  in  the  specific  sections  nore 
explosive  and  easily  ignited  aixtures.  Practice  shoes  that 
the  eaergence  of  the  centers  of  coabustion  is  usually 
caused  by  jusps  in  pressure  of  coapqnents  in  grid/netvork 
and  of  their  consuaption.  This  is  led  to  the  deviation  of 
cospositioa  fron  that  which  was  assigned*  at  least  local 
and  short-tine.  Since  the  nixture  of  nornal  conposition  is 
also  coabustible*  the  forned  flane  proves  to  be  resistant* 
also*  after  returning  of  the  conditions/node  of  process  to 
that  which  was  assigned. 

As  a result  of  the  eaergence  of  the  center  of 

coabustion*  is  disturbed  the  teaperature  conditions  of 
converter*  in  particular  grow/increases  the  inlet  teaperature 
into  contact  zone  and  in  frontal  catalyst  bed. 

Sianltaneously  sharply  grow/increasea  the  effective  hydraulic 
friction  of  contact  zone*  also*  in  frontal  catalyst  bed. 

Sianltaneously  sharply  grow/iacreases  the  effective  hydraulic 
friction  of  catalytic  gas  recoabiner*  i*e»*  pressure 

difference  at  entrance  and  exit  as  a result  of  the 
ezpanaion  of  gas  with  coabustion.  According  to  these  indices 


o 
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it  is  possible  to  jodg«  tbs  emergence  of  flaae.  It  is 


obvious  t hat 

with  ignition 

in 

converter  a decrease  in 

the 

coasuaption 

of  aixture 

is 

not 

led 

to  end  of  burning. 

but 

nates  flaae 

only  aore 

stable. 

To 

extinguish  the  flaae 

is 

possible  only  by  appropriate  change  la  the  cos posit ion* 


fhe  nost  effective  set  hods  of  preventing  the  for  nation 


of  the 

centers 

of 

coabustion  during  the 

conversion 

of 

aethaae 

consist 

in 

the  intensive  nixing 

of  blending 

agents 

with  the  tar  get/ pur  pose  of  the  achievenent  of  its 
bgaogeaeity  and  in  the  except ion/el ini nation  of  the 
possibility  of  the  origination  of  stagnation  zones.  These 
zones  in  nany  instances  can  be  renoved  by  neans  of  blovout 
by  enter  vapor  of  the  npper  sections  of  aine/shaft 
converters. 


* 


Effective  nixing  can  be  reached  daring  the  utilisation 
of  nixing  device  which  is  bundle  froa  the  ducts,  staggered, 
installed  within  the  basic  vide  duct  of  nixer,  which  leads 
in  reactor,  in  planes  noraal  of  its  axis.  In  the  lateral 
serfaces  of  tubes  at  egnal  distances,  are  aade  the 
opeaing/apertures,  through  which  the  gas,  supplied  into 
tubes,  enters  basic  duct.  To  basic  duct  is  supplied  the 
sixture  of  water  vapor  with  fuel,  through  the 


I 
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opeaing/apertures  of  the  handle  of  tubes  - the  Hissing 
blend lag  agent,  i.e. , oxygon  (or  the  nix  tore  of  air  with 
oxygon)  if  necessary  dilated  by  a aiaiaaa  quantity  of  water 

vapor*.  In  this  oxygen  supply  systea,  appear  aany  snail 
parallel  st roans  of  the  nixed  gases;  nixing  length  nor sal 
to  the  direction  of  flow,  proves  to  be  snail,  on  the 

other  hand,  the  beadle  of  tabes,  placed  across  flow, 
produces  its  strong  agitation  facilitating  nixing. 

lov-teuperature  oxidation  of  ethylene  [215],  Tha 
catalytic  oxidation  of  ethylene  by  oxygen  to  acetaldehyde 
presents  by  itself  inportaat  and  extreaely  proaising 
technological  process.  This  nethod  consists  in  the  babbling 
of  the  nixtare  of  ethylene  with  oxygen  through  the  aqueous 
solutions  of  salts  of  platinaa  netals,  in  particular 
palladiua,  with  the  additions  of  copper  salts  or  gland 
[216,  217].  Onder  appropriate  conditions  the  dissolved  salt 

retains  stability,  playing  the  role  of  catalyst. 


Page  236. 


The  effective  conducting  of  oxidation  is  strongly 
complicated  by  the  explosiveness  of  ethyleae~oxygen  nixtures 
over  a vide  range  of  conpositions  - froa  3.0  to  SOo/o  CtB4 
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la  binary  airtures  at  one  at*  For  Bach  aiit«M  ®*«  ■ 

0*  083,  i.a. , it  is  substantially  loss  than  for  paraffins 
and  propylene  (0.15-0-20).  This  special  f eature/pecul  iarity  of 
the  niztnres  of  ethylene  is  caused  by  its  high 

eadotheraicity;  therefore  excess  ethylene  proves  to  be  so 
weak  a stabilizer. 

technological  process  is  conducted  at  the  pressures, 
aore  than  ataospheric,  for  which  it  is  possible  to  expect 
the  further  expansion  of  the  liaits  of  explodability.  It 
the  sane  tine  for  the  inteasificatioa  of  technological 
operations,  is  desirable  a aaxiaua  increase  of  oxygen 
concentration  in  the  converted  rich  ethylene-oxygen  aixtures. 
The  urgency  of  this  problea  is  caused  not  only  by  the 

snallaess  of  saturated  blasting  oxygen  concentration,  but 
also  by  its  weak  solubility  in  watetr,  i.e. , in  the  sphere 

of  nain  reaction,  4 tines  less  than  in  ethylene.  During 

the  estiaation  of  the  possibilities  of  intensification,  it 

is  necessary  to  consider  not  only  tl|e  effect  of  pressure 

on  the  liaits  of  explodability,  but  also  presence  in  the 

processed  aixtures  of  inert  conponept  - water  vapor- 

During  the  study  of  the  liaits  of  explodability  in 
systea  C(l«  ♦ Oc  ♦ I sad  the  effect  on  then  of  pressure 
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was  a sad  as  during  the  investigation  of  the  siztuces  of 
(copjltte*  the  aethod  of  aodel  inect  con  pone  nt.  In  vie*  of 
the  difficulty  of  ezperiaentation  with  eater  by  vapor,  it 
they  replace  by  carbon  diozide.  The  results  of  these 
investigations  are  represented  in  Pig.  62  is  the  fora  of 
the  dependence  of  the  critical  pressure  by  vhich  still 
possibly  the  ignition  of  nizture,  fro a the  content  in  it 
of  ozygen. 

It  20°C  pressure  increase  froa  t to  18  at  decreases 
the  critical  ozygen  contest  (Ot]v  is  binary  aiztures  2.3 


tines,  at  1J0*C 

pressure  iacrei 

1 

a 

0 

s 

1 to  10 

at 

is 

led 

’ 

to  dhcrease  [o.U 

2.2  tiaes. 

For  the 

aiztures. 

which 

contain  40o/o  of 

CO*,  pressure 

increases  froa  1 

to 

18 

at 

1 

is  changed  10,1,, 

at  20  °C  1.9 

tines'. 

The  coaparison 

of 

all 

obtained  results  shoes  that  an  increase  in  the  ten  pern  tore 
on  1.1 0°C  decreases  the  critical  ozjgea  contest  [oj^  ires 
10  to  20o/o  of  its  value,  i.  e.,  an  -2o/o  0t  of  absolute. 

This  will  agree  with  data  [11*],  and  also  [178]. 

t 

• 4 

At  the  fizedAocorded  pressure  the  addition  *0o/o  CO* 

■■I 

increases  saturated  ozygen  concentration  taking  into  account 

• ‘ 1 

binary  nizture  within  the  liaits  of  too  tines.  However,  if 
we  relate  ozygen  content  to  the  entire  three-coapoaeat 
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■lit  ure  c*H4  ♦ o*  ♦ co*.  then  val mm  l°»U  at  p * const, 
does  not  in  practice  depend  on  the  contest  of  inert 
coapoaent. 

Page  239. 

ire  given  belov  the  absolute  values  of  saturated  oxygen 
concentration  in  nixtures  C*h4  ♦ o*  ♦ CO*: 


% CO, 

( 

Amnm.  •"> 

» 

l* 

0 

16.7 

11.6 

10,3 

10 

16.0 

13,6 

>2.1 

40 

14,5 

12,6 

12.1 

Key:  (1).  Pressure,  by  at. 


Con pa  re  regularities  for  the  linits  of  the  explodability 
of  siailar  nixtures  C*H4  ♦ o*  ♦ CO*  and  (C*H«)  ♦ o*  ♦ 
CO*. 

The  replacenent  of  excess  fuel  by  inert  conponent  aakes 
nore  dangerously  explosive  the  rich  nixtures  of  propylene: 
vith  an  increase  in  concentration  00*  froa  zero  to  tOo/o. 
saturated  concentration  of  oxygen  is  lovered  froa  46  to 
32o/ot  As  a result  of  the  noasntcxntion  of  ethylene,  the 


r 

k 
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absolute  value  of  the  Halting  concentration  of  the  Biasing 
coapoaeat  in  the  rich  nixtures  C2H4  does  not  descend  with 
an  increase  in  the  content  of  inert  diluent. 

Greater  in  coaparison  with  other  fuels  the  reserve  of 
energy  of  the  analogous  aixtures  of  ethylene  complicates  the 
problea  of  the  desensitization  of  these  aixtures  and  the 

safeguard  for  explosion-proof  character  of  their  conversion. 
Under  sufficiently  rigorous  conditions  - at  temperature  of 
330-360°C  and  the  pressure  of  50-175  at  the  decomposition 
of  ethylene  in  the  heated  vessel  can  lead  to  spontaneous 
ignition  (218,  219].  Since  with  an  increase  of  pressure 
decreases  saturated  oxygen  concentration,  by  which  still 
possibly  flame  propagation  in  mixtures  C2H#  ♦ 02  under 

certain  conditions,  apparently,  is  attained  also  blasting  the 

decomposition  of  cold  ethylene,  sucl|  as  in  acetylene  and 
nitrons  oxide. 

In  spite  of  the  special  feature/pecaliarity  of  the  rich 

aixtures  of  ethylene  with  oxygen,  the  baric  coefficient  of 
the  Units  of  explpdability  has  approximately  the  same 
values,  as  for  other  combustible  systems.  Figures  63  depicts 

the  critical  paraaeters  in  the  fora  of  dependence  *8  — lg  p. 


which  for  all  [cot]  and  Ts  it  is  possible  to  approxlaately 


1 7 «0U  703 


VAOB  ^ *J<f 


consider  linear.  For  binary  nixtares  value  e — (— d If *■*./<*  ig  p) 


3 0.36,  at  concentration  co2  HQo/o  it 


to  0.2*. 


jy 


°u « w * 5T^Oj 


Fig.  62.  Dependence  of  critical  pressure  of  explodability  in 
systen  C2  H,  ♦ O,  ♦ CO,  on  oxygen  content:  1 - *0o/o 


CQ„  20°C ; 2 - 40o/o 

4 - Oo/o  C02 ; 

not  born. 


Co,  130*;  3 - 10 0/0 


CO,  20°; 


x.o.  0 ~ it  barns;  ©•  ••  a - aoe* 
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Fig.  63.  Bffect  of  pressure  on  linits  of  explodability  in 
systes  C,H4  ♦ Og  * COg:  carved  1-0  see  Pig.  62;  5 

Oo/o  CO 2.  130°. 


Page  240. 

Thus,  the  established/installed  for  a series  of  other 
coebustible  aixtures  character  of  the  dependence  of  the 
upper  linit  of  explodability  froa  pressure^  apparently,  can 
be  considered  universal  and  with  satisfactory  accuracy 
disseminated  to  the  unstudied  gas  systess.  For  the  rich 
mixtures  of  fuel  with  oxygen  and  inert  conponeet  4^  it  is 
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proportional  to  root  froa  the  third  to  fifth  degree  froa 
the  value  of  pressure*  Exponent  decreases  vith  an  increase 
in  the  content  of  inert  conponent.  The  lower  linit  of 
explodability,  which  proved  to  be  for  a binary  aixture 
equal  to  2.8S0/0  of  CstU«  does  not  in  practice  depend  on 

pressure,  as  this  was  observed  for  other  coabustible 
aixtures. 

The  special  properties  of  ethy len  e-oxygen  aixtures  will 
force  to  be  restricted  to  following  recoaeendations  for  the 

conversion  of  the  aixtures,  containing  of  inert  conponent 
froa  0 to  40o/o.  Hith  the  necessary  30-40o/o  "safety 
Barg in”  aaxiaua  peraissible  oxygen  concentrations  taking  into 
account  binary  (in  this  case  - dry)  aixture  are  9-14o/o 
fox  5 at  even  6.5  - 12o/o  for  10  at.  Such  low  values  of 
Halting  concentrations  substantially  affect  the  intensity  of 
technological  process. 

For  increasing  the  possibilities  of  a safe  increase  in 
oxygen  concentration  in  the  processed  aixture  it  is 
expedient  to  use  addition  aethod  aentioned  above  (see 
Chapter  7,  pt.  1)  of  alien  coabustible  conponent.  is  such 
that  flegaatisiag  additions,  it  in  possible  to  use  saturated 
hydrocarbons,  at  the  low  teaperatare  of  process  - order 
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100-110°C  - these  hydrocarbons  will  play  the  role  of 

knowingly  inert  components  and  at  tM  sane  tine  they  will 

considerably  increase  saturated  oxygen  concentration.  It  is 
possible  to  introduce  then  into  the  reaction  cycle  where 
they  will  not  take  part  in  reaction;  the  content  of 
ethylene  and  oxygen  in  sixture  is  snpplesented  with  their 

o consuaption. 

The  evaluation  of  the  effectiveness  of  this  nethod  can 
be  nade  according  to  the  nethod  of  aodel  component.  For 
this,  we  will  use  the  available  data  on  the  Units  of  the 

explodability  with  of  1 at  rich  sixtures  in  ethylene  - 
cyclopropane  - oxygen  ternary  systea  [135].  These  data  it 
is  expedient  to  present  in  the  fora  of  the  dependence  <*«■ 
on  the  portion  of  ethylene  in  the  sub  of  coabustifcle 
coapoaents  taking  into  account  fros  the  stoichionetr ic 
coefficients 

P “ 3[C^4Jl+4.ll|CtH,|  *)  , 

« 

Are  given  below  standardized  values  of  the  liait  of 

explodability  is  systea  Ccl«  - Csl»  - ott 

P ....  0 0,181  0,306  0.486  0.888  0,801  1.00 

•muk  . . . 0.148  0,188  0,147  0.ISI  0.108  0,0888  0.08M 

2 

Tha  liait  of  explodability  for  cyclopropane  (0  * 0)  in 

j 


n 
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standardised  systea  does  not  differ  fcon  the  coanon  for 
paraffin  hydrocarbons  (see  above),  he  a resalt  of  the 
larger  activity  of  ethylene,  valae  oM  ii  ternary  airfares 
is  less  than  for  the  binary  aistase  of  cyclopropane. 

However,  this  effect  is  noticeable  only  when  when  0 > 

0w3~0*4,  when  saaller  0 the  liait  of  the  sane  as  for  the 
8atarated  hydrocarbons. 

Page  261. 

The  identity  of  liaits  for  the  binary  airfares  of 
cyclopropane  and  for  the  airfares  of  paraffin  hydrocarbons 
aakes  it  possible  to  assuae  that  standardised  values  of  the 

$ 

liaits  of  the  ternary  airtares  of  paraffins  with  ethylene 
and  orygea  will  be  approriaately  by  the  sane  as  in  the 
equivalent  airtures  CjH*  ♦ C,H*  ♦ O..  This  aakes  it 

r j 

possible  to  calculate  aariaally  allow  snail  osygen  content 
in  the  technological  airtures,  flegaatised  by  the  additions 

V 

of  saturated  hydrocarbons. 


Hith  the  low  contents  flegnatiring  additions  its  effect 
will  be  too  weak,  with  large  - a noticeable  decrease  in 
ethylene  concentration  will  begin  to  affect  the  reaction 
rate.  It  seens  it  is  espedieat  to  convert  airfares  with 

* 
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the  eguiaolecular  content  of  stabilizer  and  ethylene.  The 
flegaatixing  effect  of  addition  and  the  corresponding  change 
in  anxious  permissible  oxygen  concentration  depend  on  the 
stoichioaetric  coefficient  of  the  reaction  of  the  conplete 
co abas t ion  of  this  product  and,  consequently , also  its 
aolecular  weight. . 


during  the  equiaolecular  dilutiqa  of  ethylene  by  ethane 
critical  oxygen  concentration  for  1 at  in  dry  gas 
grow/increases  to  28.<io/o,  i.e. , by  hlo/o  of  original  value, 
■ore  effective  proves  to  be  butane#  which  increases  under 
analogous  conditions  saturated  oxygen  concentration  to 
M.2o/o,  or  2.1  tines.  The  applicatioa/use  of  hydrocarbons 
with  great  aolecular  weight  is  inexpedient  in  view  of  the 
insufficient  pressure  of  their  saturated  steaa  at  rooa 
tenperature.  For  obtaining  the  nixtnres  of  the  corresponding 
coaposition,  will  be  required  the  thernostating  of  entire 
equipaent  in  technological  cycle. 


As  it  was  shown  above,  the  baric  coefficients  of  the 
standardized  liaits  of  explodability  barely  depend  on  the 
nature  of  fuel.  This  aakes  it  possible  with  good  accuracy 
to  calculate  the  aaxinua  peraissible  oxygen  contents  at  a 
pressure  of  nore  atuospheric,  and  also  during  dilution  by 


BOC  - TMttllJ 


imi  F5* 


% JMrt  hl«41>f  ««Mt  of  (Ml  and  tiffn.  irt  given 
Mm  oiffia  OMCMtrttloM  la  dry  alitu*  with  ^alMlaealar 
coataats  atkilaaa  and  batua  (taking  into  account  tha  sane 
•aafaty  aargia")  depending  on  pressure  (in  at)  an  4 tha 

aaataat  of  inort  oaayaaaat  (in  o/o)a 

f/j  ’ ‘ ' (*-J 

Ammhn  Co*ep«»»»«*»  iKpTnoro  narnmn 
• W • ‘ 

5 19.5  91,5  19.5 

10  17.0  19,0  35,5 

■*7*  <*•  rraaaira  (2).  Coatont  of  inart  ooapooaal. 

Vba  converted  vapwgaa  aixture.  aataratad  at  by  1J0*C 

an  tar  vapor#  contains  at  tha  total  prassnra  of  5 at  55o/o 
Hc0  and  vith  p * 10  at  27o/o  H,0.  Hanca  it 

follows  that  under  tha  condition  of  satarating  tha 
coapoaents  by  water  vapor  before  their  airing  it  is 
possible  to  process  the  aixtures#  which  coatain  30o/o  Os 

with  p • 5 at  and  2*o/o  0,  with  p * 10  at. 

4 

Page  2*2. 

fhes#  the  conversion  of  the  eguiaolecular  nixtare  of 
Stkylene  and  butane  nakes  it  possible  to  safely  increase 
aere  than  doable  the  oxygen  content  in  the  processed 
ai  stores. 

\ 

M is  easy  to  ascertain  that  ate  optisal 

tbe  cea teats  ef  at hy  base  aa4 
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the  converted  eixtare  approxisately  coincides  with 
equiaolecular.  So,  with  p * 7 at  even  130°C  in  the 

case  of  n » [CtH«]:  [C4HI0]  = 1:  3 oxygen  content  can  be 

increased  1.11  tines  in  coaparison  with  tl|e  systen  in  which 
a * 1:  1-  In  this  case*,  however*  the  content  of  ethylene 

too  strongly  is  lowered:  froa  36.5  to  17a8o/o  taking  into 
account  dry  aixture;  the  high  partial  pressure  of  butane  in 
of  systens  it  will  require  the  preheating  of  all  assenblies 
of  unit  to  40-50°C.  Under  the  sane  conditions  with  a * 3: 

1 is  adaissible  an  increase  in  the  oxygen  content  in 
coaparison  with  the  concentration*  which  corresponds  to  a = 
•*  only  to  20o/o. 


The  flegnatizing  action/effect  the  addition  of  butane 
checked  experinentally.  In  set  of  experinents  during  which 
the  tquiaolecular  aixture  of  butane  and  ethylene  nixes  with 
oxygen  and  carbon  dioxide  with  such  calculation*  which  the 
content  of  the  latter  always  coaprises  gender  with  such 
calculation*  that  the  content  of  the  latter  always  was 
*0o/o#  saturated  oxygen  concentration  with  7 at  even  130°C 
was  equal  to  25. So/o.  Taking  into  account  equiaoleeular 
aixture  without  inert  coaponoat*  saturated  concentration  of 
oxygen  is  equal  to  42.6o/o.  As  can  be  seen  froa  Pig.  62* 
uader  analogous  conditions  for  a eixtare  fith  pure  ethylene 


j 

! 


(■  * •)  saturated  oxygen  concentration  is  egnal  to  21o/o. 

!hasf  experinentni  check  confirms  the  designed  donble 
increase  in  satarated  oxygen  concentratioi  daring  the 
replacenent  in  the  conversion  gas  of  ethylene  by  its 
egoinolecalar  mixture  vith  butane. 

Specific  additions.  In  those  cases  uhen  one  of  the 
coapoaents  of  coaplex  aixture  catalyses  or  inhibits  the 
oxidation  process  (for  several  oxidixers  - process  of 

reduction)  of  another  coaponent*  is  observed  the  specific 
deviation  of  the  standardised  value  of  the  liait  of 

a 

explodability  fros  the  noraal  for  sinilar  systeas.  This 
deviation  the  greater*  the  stronger  the  effect  additions  on 
reaction  kinetics  in  flaae  at  the  fixed  valae  of  coabustion 

temperature.  The  specific  effect  of  cheaical  active  addition* 
or  os  the  contrary*  its  absence  when  this  action/affect  for 
any  reason  was  expected  that  they  have  vital  iaportance  for 

the  probleas  of  explosion-proof  character  technigue. 

during  the  study  of  the  processes  of  burning  and 
ignition  of  coaplex  gaseous  nixtares*  obtained  aany  examples 
of  the  inhibition  of  the  oxidation  by  oxygen  of  one  of 

fuels  tby  another*  but  soaetiaes  also  autaal  inhibition.  So* 
in  a series  [220-22*]  is  establish/iastalled  the  inhibition 
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of  the  oxidation  of  hydrogen  by  additives  of  hydrocarbons 
in  the  nixtures*  fuel-rich,  aith  respect  to  hydrocarbons 
excess  hydrogen  behaves  as  inert  coapoaeat* 

Page  263. 

I . 

Kurtz  [225]  established  the  inhibiting  effect  the 
addition  of  sulfarous  and  selenide  hydrogen  on  the  oxidation 
of  hydrocarbons  and  the  inverse  effect*  which  increase  with 

aa  increase  in  the  relation  of  the  contents  of  fuel  and 
oxidizer.  This  effect  is  specific  for  these  substances* 

other  hydrides  >*  for  exaaple  aaaoaia*  do  not  exert  this 
effect* 

FOOTNOTE  «.  la  author's  concept*  hydrides*  supplying  atonic 
hydrogen*  they  oust  accelerate  the  oxidation  reaction. 

BIDFOQT NOTB* 

The  specific  inhibition  of  oxidation  is  reveal/detected  by 
Kurts  also  for  the  aixtnres  of  propane  and  diborane  [226]. 

sola  these  sorks  with  the  change  f the  relationship/ratio 
of  the  contents  of  fuel  and  oxidiser  froa  « > 1 to  a < 
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1 is  observed  the  transition  froa  catalysis  to  inhibition. 

To  greater  degree  this  is  characteristic  for  the  osidatioa 
of  the  aiztures  of  hydrocarbons  and  carbon  nonozide.  Of 
rich  niztores  is  observed  the  antnal  inhibition  of 
ozidation,  of  lean  and  close  to  stoichionetric  - the 
acceleration  of  ozidation,  which  leads  to  an  increase  in 
velocity  and  stability  of  flaae  [227-229]. 

The  pheaoneaon  of  inhibition,  essential  for  the  probleas 
of  explosion- proof  character  technigue,  is  observed  also  of 
other  systens.  As  inhibitors  can  serve  the  additions  of 
aore  active  coabostible  or  ozidizer.  So,  the  pairs  of  the 
■entioned  ethyl  aizture  P-9  contain,  besides  basic  coaponent 
- ethyl  broaide,  the  saall  additions  of  ethyl  chloride  and 
gasoline.  Both  these  products  are  aore  active  fuel,  than 
ethyl  broaide,  have  the  wider  liaits  of  ezplodability. 
However,  as  can  be  seen  froa  Fig.  64,  in  nulticonponent 
aiztures  the  liaits  of  ezplodability  becone  narrow  - both 
aore  active  coaponents  inhibit  the  ozidation  ethyl  broaide 
[206  ]*  As  it  was  noted  above  (chapter  7,  pt.  1),  the 
presesce  of  inhibitor  affects  the  value  only  of  upper  linit 


of  ezplodability. 
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Fig-  6*-  Effect  addition  on  Units  of  explodability  of 
ai at ores  ethyl  broaide  with  air  hand  nitrogen;  coaposition 
of  fael:  1 - lOOo/o  C2usBr;  2 - 90o/o  C2BsBr  ♦ lOo/o 
CaHsCi;  3 - 95o/o  CcHsBr  ♦ 5o/o  of  gasoline. 

Key:  (1).  Content  of  coabnstible,  #/o-  (2)*  Pressure. 


0 0,2  4*  0,6  0,8  P 


Ply.  §5.  Dnp*id«ac«  of  Halting  concentration  of  fiegaatizing 
nitrogen  in  niztnres  c*Hl2  ♦ HO  ♦ I20  ♦ H2  on  conposition 

of  oxidizer:  1-lge*0;2-  lga  = -0.1}  3 - lga  » 

0*1;  4 - lga  « 0.2;  5 - lga  = - 0.35- 

Fa  ge  244. 

She  BQtaal  braking  of  reaction  in  flane  is  observed 
also  for  the  mixtures  of  oxide  and  nitrous  oxide  with 
hydrocarbons  [230].  nitrous  oxide  - such  nore  active 
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oxidiaer,  than  oxide,  its  analogous  a ix taxes  are  explosive 
vithie  aider  limits,  than  the  sixtere  of  nitrogen  oxide. 

Bo vever,  the  region  of  coabustible  compositions  for  the 
sixtores,  vhich  contain  both  oxidixers,  it  is  narroaer  than 
for  analogous  nixtures  vith  each  of  then. 

This  illustrates  Pig.  65,  in  vhich  is  shovn  the 
dependence  of  saturated  concentrations  of  flegaatiziag 
nitrogen  b fuel- rich  nixtures  C»Ut2  ♦ MO  ♦ lt0  ♦ n2  on 

the  portion  of  nitrogen  oxide  in  the  sun  of  the  contents 
0 = [MO]  /(NO]  ♦ [ M20 ])  for  a series  of  the  fixed  values 

of  the  excess  oxidant  ratio.  The  nixtures,  vhich  correspond 
to  the  niniaa  of  carves  /^(p),  are  coabustible  in  the 

narroaer  range  of  compositions,  than  analogous  nixtures  vith 

each  of  the  individual  oxidizers  - M,0  or  MO.  The  great 

narroving  of  the  region  of  dangereesly  explosive  coapositions 
corresponds  0 * 0.80-0.85.  In  the  nixtures  of  vhich  the 

oxidiser  consists  to  40-50o/o  of  Ma0#  the  liaits  of 

explodability  the  sane  as  for  the  analogous  nixtures,  vhich 
contain  only  oxide  of  nitrogen. 

■he  characteristic  exaaple  of  systea  vith  specific 
additions  are  coabustible  nixtures,  contaiaing  aiaor 
constituents  of  carbon  disulfide.  It  is  kaovn  that  carbon 


AD-A066  006 


UNCLASSIFIED 


FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  AFB  OHIO  F/G  19/1 

SCIENTIFIC  PRINCIPLES  OF  TECHNOLOGY  OF  EXPLOSION-PROOF  WORK  WIT— ETC (U) 
FEB  78  A I ROZLOVSKIY 

FTD-ID(RS)T-0167-78  NL 


5 79 


DOC  • 78016703  PACE 

at  100-120*  C#  and  foattim  «vu  at  80*C  £233,  238].  Is 

•ipaeially  dangarons  tha  capability  of  tboaa  aiztaras  for 
tbo  ioo-toaporataro  ignition  of  tho  oatsida  closad  vassal 
(saa  Cbaptar  9)  • 
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Pi*.  66.  Iffact  at  Alt  ion  of  carbon  disalfido  on  Units  of 
azplodability  of  rick  air  niztaras;  coapositioa  of  faol: 

C,H,  i 

Pago  2H5. . 

*kasa  propar  tins  of  tka  niztaras  of  carbon  disalfido 
ara  caasad  by  its  tandancy  toward  tka  foraatioa  of  cold 
flaaas.  losazar,  tka  possibility  of  tka  aaorgaaca  of  cold 
flaaa  is  not  aqaivalaat  tka  possibility  of  its  transition 
also  to  kot  flaaa.  Bataaan  only  tkis  transition  in  tka 
final  analysis  is  assaatial  for  azplosion-proof  ckar actor 
tacknigna. 


-w 
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OH  + 
>M  + 

+ •5 


in  sat  of  azpariaaats  [ 235]  is  stadiad  tka 
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actioa/effect  the  addition  o£  carbon  disulfide  on  the  liaits 
of  tho  axplodabilitj  of  tbo  fuel-rich  air  airfares  of  ethyl 
and  butyl  alcohols.  Content  CS,  in  the  sisters  of  feel  and 

eater  con  poses  to  3 nol.  c/e.  As  can  be  seen  fron  the 

curve /graph  of  Fig.  66,  value  Om  with 

practically  constant  I - 64-68% ie  only  insignificant,  and 
besides  unspecific,  is  changed  sith  the  increase  in  the 
content  of  carbon  disulfide,  the  leper it y/ada inter as  mi 
carbon  disulfide  in  feel-rich  airfares,  la  spite  ef  / - 64-^68% ‘ 
eapectations.  do  not  have  any  characteristic  effect  ea  tbs 
liaits  of  eaplodability.  In  the  case  of  air  section  into 
apparatuses  with  feel,  the  erplosivgaess  does  not  depend  on 
possible  presence  the  addition  of  carbon  disulfide  and  is 
defined  by  the  standardised  liaits  of  erplodability.  in 
principle  by  the  sane  as  other  conbastible  systeas. 

Che  additions  of  carbon  disalfide  do  not  affect  also 
the  ignition  teaperatnre  during  heating  by  adiabatic 
coapression.  For  an  oryhydrogea  airfare  raise  T, 


is  sot  virtually  changed  with  addition  2o/o  cs*.  vales  r. ' 
of  airfare  cs,  ♦ 80,  only  to  1S0-200  degrees  is  baser 
then  in  ni  store  21,  a 0,  (98].  The  lou-teaperature 

| 

aotoadceleration  of  reaction  is  specific  for  the  conditions 


